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INTRODUCTION 
Although corn (Zea mays L.),used for silage, represents 
only a small part of the agricultural area in Iowa, its 
relevance is related to cost of land and also to restrictions 
to fresh forage production during the winter season. Corn 
and soybeans occupy most of this state's agricultural land, 
and it is natural that the production and use of corn silage 
are common practices among dairy and beef production farmers. 
A trend to higher costs of production, in the past 5 years, 
have led farmers and agronomists to be concerned about 
higher efficiency of production, including cost and energy 
analysis. 
' Most of the improvement in forage corn yields observed 
in the United States, including Iowa, in the past 20 years, 
has come from higher levels of agricultural practices, such 
as increased number of plants per area or better harvesting 
schedules. The basic premise of most of this research was 
that it would be possible to select corn cultivars for higher 
forage yields, but it would be difficult, or even impossible, 
to improve corn forage yield and to maintain high quality of 
forage. Corn forage quality was generally highly correlated 
with its grain content. This assumption led to the conclu­
sion that the best corn hybrids for grain yield would be the 
best available for forage production. 
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Differences eunong hybrids were detected in the combined 
analyses of variance for all traits except dried ear weight 
and dried grain weight. The latest maturity hybrid (B73 
Ht X Mol7 Ht) was higher and the earliest maturing hybrid 
(A619 Ht X A632 Ht) was lower in dry matter yield; an ( 
average increase of 20.3% in dry matter yield would be 
possible with the latest hybrid. 
Differences among harvest dates in the combined 
analyses were significant for green stover weight, dried 
ear weight, dried grain weight, and harvest index, indi­
cating linear effects. 
Phenotypic and genotypic correlations between traits for 
all hybrids, such as between mature grain yield corrected 
for moisture and dried stover weight (0.605 and 0.597), 
mature grain corrected for moisture and days to mid-silk 
(0.763 and 0.804), and dried plant weight and days to mid-
silk (0.992 and 1.00), were estimated. 
Relatively later maturing hybrids had acceptable levels 
of dry matter, crude protein, and digestible dry matter and 
could possibly be used for forage corn production in short 
season areas. Further research on qualitative and quanti­
tative forage traits is necessary for developing breeding 
prograuns for forage corn. 
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LITERATURE REVIEW 
Corn (Zea mays L.) is becoming an important forage 
species. In the United States it occupied about 3.2 percent 
of the agricultural area in 1973 (Anonymous, 1974). In 
Canada, over 400,000 hectares were devoted to fodder corn 
in 1977 (Hunter, 1978). Quantity and quality of forage 
produced are now thought to be important for efficient use 
of land, and the ability to produce high dry matter yield 
of good quality forage using corn is contributing for its 
greater use, mainly in temperate areas (Wedin, 1970). The 
primary objectives in the production of fodder corn have 
been high dry matter yield per unit area of land, high 
quality for ruminants, and a high dry matter content to 
ensure proper ensiling with minimum losses (Nevens and 
Dungan, 1942; Cummins et al., 1970; Gunn, 1975; Gallais 
et al., 1976). 
Most of the corn breeding efforts in North America and 
Europe have been concentrated on the development of hybrids 
for grain production. Two main reasons are associated with 
this position: 1) general acceptance of the view that the 
objectives of selection of a good forage corn are realized 
by selection for grain performance; and 2) it is easier to 
select only for grain yield. Nevens (1933), and Nevens and 
Dungan (1942) concluded that the best corn grain genotypes 
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also produced high-yielding, high quality forage at a dry 
matter content compatible with ensiling. The late-maturing 
varieties studied by Nevens (1933) yielded a greater weight 
of silage per area than the grain varieties, but the grain 
varieties produced greater dry matter per area. The late 
varieties showed slightly larger variations in yield from 
year to year. A difference of 35 to 4 7% of dry matter con­
tent between late maturing and grain varieties was interpreted 
by Nevens (1933) that the feeding value per unit of dry matter 
was greater for the grain varieties which contained smaller 
proportions of fiber at time of ensiling; digestion trials 
gave similar results. Huffman and Duncan (1954), reporting 
animal feeding trials, concluded that corn silage should not 
be considered as a roughage, but as a mixture of a roughage 
and grain. Dunn et al. (1955) concluded that grain in corn 
silage had the same value for milk production as corn grain 
fed in the form of dry corn and cob meal. Morrison (1956) 
indicated that the grain portion of forage corn was higher 
in percentage of digestibility, when compared to the leaves 
and the stover. Generally, high grain-producing hybrids 
have grain to stover ratios of 1:1 or greater at maturity 
and grain was potentially the major contributor to di­
gestible nutrients of forage corn. Some recent work has 
reinforced the conclusion that increasing the proportion of 
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grain will enhance feed quality (Rutger and Crowder, 1967a,b; 
Matsushima, 1971). Some recent work has suggested, however, 
that the almost complete reliance on the merits of grain 
corn hybrids for forage production has limited forage corn 
improvement (Roth et al., 1970; Gunn, 1975; Gallais et al., 
1976); they suggested a reexamination of the relationship 
between grain and forage quality and yield. 
Forage Yield 
The effect of high plant density on silage and grain 
yield of six corn hybrids was evaluated by Rutger and Crowder 
(1967a) at two locations for three years. The hybrids dif­
fered for all traits measured, but differed significantly 
in response to density only for grain yield and ears per 
100 stalks. Highest silage yields obtained from 80,000 
plants per hectare were not significantly higher than 
70,000 plants/ha with an average ear weight of 127g. Signifi­
cant population x location interactions were observed for 
silage and grain yields. Rutger and Crowder (196 7b) studied 
the effect of row width on silage yields of three corn hy­
brids, at 40-, 50-, 60-, 70- and 80-thousand plants per 
hectare; row widths of 92cm, 42cm, and double rows were 
employed at 88,000 plants per hectare. Maturity was delayed 
as plant populations increased and the amount of dry shelled 
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grain in the silage decreased at the higher plant popula­
tions. Total dry matter increased 6% as the plant popula­
tion was increased from 50,000 to 88,000 plants per hectare. 
The ratio of dry shelled grain to total dry matter decreased 
as plant populations were increased. No significant effect 
of row width within the 88,000 planting rate was observed; 
the interactions, hybrid x population or hybrid x row width, 
were not significant for any of the characters studied. 
Bryant and Blaser (1968) evaluated an early and a late 
corn hybrid grown at 39,500 to 98,800 plants per hectare 
with row spacings of 36, 53, 71, and 89cm. They did not 
report significant differences between hybrids for total plant 
weight, proportion of stalks to total dry weight, or weight 
of individual plant constituents, such as ears, stalks, 
leaves, and husks. The average yield of silage was greater, 
but the average yield of grain was less for the later than 
for the earlier hybrid. Significant effects of population 
density and row spacing were found for silage yields. 
Thomson and Rogers (196 8), evaluating different varie­
ties at high plant population densities of 108,000 and 215,000 
plants per hectare, found no significant effect of popula­
tion density on dry matter content, but they observed higher 
dry matter in later harvesting. They observed also a re­
verse order of varieties for relative dry matter yield of 
stover, stem, and leaves. Higher dry matter yields were 
7 
achieved at 215,000 plants per hectare, and stover contribu­
ted about 6 0% more than cob to the dry matter increase of 
whole-crop between the two densities. 
Secor (1969) studied the effects of hybrid plant popu­
lation and row width on dry matter and digestible dry matter 
yields of corn silage. Three distinct varieties were grown 
at three plant populations and three row widths for two years. 
He found highly significant differences in yield of dry matter 
among varieties. The full season hybrid, 3306, produced the 
highest yields of dry matter and vitro digestible dry 
matter in both years. The shorter season hybrid, XL-45, 
produced the second highest dry matter and ^  vitro digestible 
dry matter and had greatest percentage of ^  vitro digestible 
dry matter. Digestibilities of the other two hybrids were 
lower at higher plant populations, which indicates the 
ability of XL-45 to produce ears at higher plant populations. 
HS-50 produced the lowest dry matter yields, percent ^  vitro 
digestible dry matter, and ^  vitro digestible dry matter 
yields. 
It seems from these results, as well as from research of 
others, that the corn plant is unable to store all the carbo­
hydrates and sugars in the stalk. Also, the lack of grain 
in the silage lowers the digestibility as compared to silage 
from grain producing hybrids. Based on these results, male 
sterile corn would be a poor choice for silage production. 
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in comparison to others used in the test. Plant population 
increases from 39,600 to 59,400 plants per hectare pro­
duced highly significant increases in dry matter and in 
vitro digestible dry matter yields. An increase of the 
plant population to 79,200 plants/ha, however, produced 
a significant effect in dry matter yield in only two 
instances: 1) HS-50 in 1967, and 2) XL-45 in 1968. Pro­
lificacy of XL-45 at higher plant populations and more 
favorable weather during the growing season were suggested 
as reasons for the significant effects. Row width produced 
no significant effect. 
Two varieties of corn chosen for a large difference in 
ear-to-stalk ratio were evaluated by Hemken et al. (1971) 
for silage, or intake, and digestibility. The effect of 
varieties in grain content and planting rate changed the 
digestible energy content by only 2 to 3%. Milk production 
was not significantly affected but was lower when the ears 
were removed even though additional concentrates were sup­
plied. The differences in intake of energy caused by con­
centrate supplementation and removal of ears were shown more 
by body weight than by milk production. The authors indi­
cated that varieties of corn silage should be selected for 
higher dry matter yield rather than ear content. 
Adelana and Milbourn (1972) analyzed dry matter partition 
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in three corn hybrids in southeast England and similar lati­
tudes in Canada. They observed that considerable remobili-
zation of photosynthates from the stem to the ear takes 
place during the main ear-fill period. Similar grain yields 
were observed in two contrasting hybrids. In a short early 
hybrid, Kelvedon ISA, there was a lower leaf area index 
(namely, 5.3), but the net assimilation rate was high, 
possibly because of efficient light interception by erect 
leaves. Stem dry matter also was lower, and this hybrid 
seemed to show economy in the production of leaves and 
stem because a 48% stem loss occurred during the period of 
ear filling. In contrast, the final shoot dry matter of a 
later hybrid, Anjou 210, was 20% higher because the peak 
leaf area index of 7.7 gave slightly higher crop growth 
rates than K75A. Although the remobilization of stem dry 
matter was similar in both hybrids, a different partition 
of dry matter in the ears of Anjou 210 gave a higher grain/ 
rachis ratio. 
Hiibner (1972) observed in trials with six hybrids of 
corn that height differed according to variety, spacing, and 
other factors. He observed also that Velox, which gave the 
highest proportion of ears and grains, was the highest in 
ear yield but was the lowest in dry matter yield. Velox 
also was higher in starch and dry matter content, but the 
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ears were lower in fiber. Midearly hybrids exceeded mid-
late for crude protein, KgO, ^ 2^5' carotene content. 
King et al. (1972) studied 10 plant components of fruit­
less Dixie 18 and Tuxpeno corn for dry matter yield and 
percentage of cell contents. Their objective was to deter­
mine the site of dry matter and cell content accumulation. 
Weight of dry matter and weight of cell contents were 
greatest at the base and decreased progressively to the top 
for both normal and fruitless plants. Three plant portions 
contained the bulk of total cell contents per plant: 1) 
grain, 44 to 51%; 2) three divisions below the ear, 23 to 
32%; and 3) leaf, 17 to 18% for normal Dixie 18 and normal 
Tuxpeno, respectively. Fruitless Dixie 18 plants produced 
69% as much cell contents as the normal, and fruitless 
Tuxpeno 84% of the normal. Normal Tuxpeno produced signifi­
cantly more dry matter than normal Dixie 18; however, total 
cell contents did not differ significantly. The data indi­
cated that fruitless plants compensated partially for the 
absence of grain. Tuxpeno would be satisfactory for certain 
feeding situations but cultural hazards may limit its use. 
Marten and Westerberg (1972) studied the influence of 
barrenness on yield and quality of corn fodder. They compared 
the relative yield potential and quality of high-sugar male-
sterile versus normal male-fertile corn for silage crops. 
Feed quality, dry matter yield, and digestible dry matter 
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yield were determined for husked ears, stover, and fodder. 
Barrenness reduced ^  vitro digestibility of fodder from 
the male-sterile variety, but it did not affect digesti­
bility of the male-sterile. However, total nonstructural 
carbohydrate concentration of the fodder was greatly reduced 
by barrenness of both varieties; crude protein of the fodder 
was not affected by barrenness. Fruited plants yielded 20% 
more fodder dry matter than barren plants of both varieties. 
The fruited plants also yielded 22 to 27% more digestible 
dry matter than barren plants. The results confirmed the 
hypothesis that preventing grain formation in corn reduces 
its efficiency in producing fodder dry matter. 
Clark et al. (1973) indicated that a high yield of 
total digestible nutrients, a maturity allowing a total dry 
matter of 35% to be reached before frost, and lodging 
resistance were desirable characteristics of a good silage 
variety of corn. They based their conclusions on field 
trials with 24 hybrids conducted from 1964 to 1967 in Mary­
land. 
Cummins and Dobson (1973) evaluated the influence of 
hybrid maturity, row spacing, plant population, and climate 
on silage dry matter yields, percentage of ears, leaves, and 
stalks, and vitro digestible dry matter in two different 
environments in Georgia for three years. They found 
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significant effect of row width, plant population densities 
on dry matter yields, ear content, and stalk content. 
In vitro digestible dry matter showed significant dif­
ferences for one location. 
Center and Camper (1973), evaluated component plant 
part development in corn as affected by hybrids and plant 
population density. They observed that the early hybrids 
tended to be lower in grain yield, total dry weight, 
weight per ear, moisture at harvest, ear height, plant 
height, and proportion of stalks. Early hybrids were higher 
in proportion of ears than the later hybrids. Shelling per­
centage, proportion of leaves, and stalk diameter showed dif­
ferences between hybrids but no trend among maturity groups. 
As plant population densities increased, total dry matter 
increased, but weight per ear, stalk diameter, and per­
centage of erect plants decreased. Plants tended to become 
proportionately smaller as populations increased so that 
plant part ratios remained nearly the same. Percentage of 
barren plants increased significantly with increased popu­
lation density. The authors suggested that in the absence 
of feeding trials, plant-part separation date and total 
dry matter production may be the most useful indicators of 
the relative values of corn hybrids for silage. 
Leask and Daynard (1973) described three experiments 
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designed to study agronomic aspects of gtover utilization. 
Their objectives were to: 1) study the rate of moisture 
loss from stover before and after grain harvest; 2) measure 
the variability among commercial hybrids in stover quality 
and yield; and 3) examine the relationship between grain and 
stover moisture percentage. Averaged across hybrids, 38% 
of the above-ground dry weight of corn was stover, including 
stalk, leaf, husk, and shank. At grain maturity, all adapted 
commercial hybrids produced stover dry matter yields in 
excess of 4,500 kg/ha with an ^  vitro digestible dry matter 
in excess of 52%. Low yields of stover dry matter and stover 
in vitro digestible dry matter were evident for certain non-
adapted, or nonrecommended hybrids. Within recommended 
hybrids there was a nonsignificant correlation between 
grain yield and stover yield. Percentage of ^  vitro di­
gestible dry matter of the stover declined at a rate of 
1.5% per week following grain physiological maturity. 
Protein content of stover averaged 45% and was unaffected 
by hybrid or date of harvest. No relationship was evident 
among hybrids between percentage of stover at harvest and 
percentage of grain moisture. The mean percentage of stover 
moisture, after adjustment by covariance to 30% grain 
moisture, was 57.8% with a standard deviation across hybrids 
of 11.4%. Stover dried at an average rate of l.Og water 
loss per lOOg fresh weight per day during the grain maturation 
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period. Differences among hybrids in percentage of stover 
moisture at a common grain moisture were primarily a result 
of differences in the date at which the stover began to dry 
below its initial moisture content of 80%. Grain harvest 
with a standard corn combine increased the drying rate of 
stover approximately 1.5g water per lOOg fresh weight per 
day during the period after grain maturity. 
Allen et al. (1974) studied the effects of nitrogen, 
plant population, and hybrid on the yield and quality of 
irrigated corn for silage; three hybrids (Funk G 4949, Coker 
74, and Pioneer 3009) responded similarly to nitrogen rates 
and plant populations for forage and grain yields and total 
dry matter content. These studies were conducted for three 
years, and included correlation estimates between the vari­
ables. The authors suggested the need for developing hy­
brids characterized by high grain potential, leafy plants, 
dense husks, small stems, and small cobs. 
Goldsworthy and Colegrove (1974) analyzed the growth 
and yield of five highland varieties of tropical maize in 
Mexico. Grain yields were between 4.7 to 8.8 t/ha. Crop 
growth rates (C) increased to a maximum of between 25 and 
2 35 g/m /day and exceeded current C during most of the grain-
filling period. After silking, C exceeded grain growth 
rate, and dry matter accumulation in the stem and husk 
2 increased from 200 to 600 g/m . Later, as grain growth rate 
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increased and exceeded current C, some of the accumulated 
material was incorporated into the grain, and stem weight 
decreased. A comparison of the dry weight changes after 
flowering in these varieties with those reported for a hybrid 
that yielded 12t/ha indicated that the smaller yield of the 
Mexican tropical varieties was associated with: 1) smaller 
grain growth rates and 2) the incorporation into the grain 
of a smaller fraction of the dry weight produced after 
flowering. These results suggestëd that the capacity of the 
grain "sink" to utilize assimilates limited yields in the 
tropical varieties. 
Voldeng and Blackman (1974, 1975) studied interactions 
between corn hybrids and planting densities for grain pro­
duction and dry matter production by the shoot. They tested 
six dent or flint x dent hybrids over 15 planting densi-
2 ties that ranged from 5 to 30.8 plants/m . The relation­
ship of yield to plant density was analyzed by fitting 
mathematical functions to the observed yields. For grain 
yield only two functions were satisfactory: 1) the inverse 
quadratic on yield per unit area and 2) the logarithm of 
grain yield per plant. The linear regression was preferred 
because of its ease of calculation and interpretation. Among 
genotypes the largest differences in grain yield per unit 
area were found at planting densities either above or below 
those which are employed in normal practice. The ranking of 
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the genotypes for grain production depended upon the planting 
density. At the lowest plant density a very short, early-
maturing flint genotype, Gaspé Flint, yielded least and a 
tall full-season dent hybrid 0X324 yielded most; this posi­
tion was reversed at the higher planting densities. Maximal 
levels of yield of the open-pollinated flints were 
2 low. Maximal yields of 600 o/m were produced by three hy­
brids, but the optimal planting densities were markedly 
2 divergent; they ranged from 6.2 plants/m for 0X324 to 9.7 
2 
and 10.8 plants/m for INRA270 and INRA200, respectively. 
The authors suggested the exceptional tolerance to very high 
plant densities shown by INRA200 and INRA210 was because of 
the earlier and more rapid decline in the rate of stem elonga­
tion of the INRA hybrids, indicative of earlier cessation of 
vegetative growth. They related their results to Stinson 
and Moss' hypothesis for the 'effect of mutual shading 
of competitive plants and Moss and Stinson's nitrate reductase 
hypothesis (Moss (1962), They also analyzed the "genotype and 
density interaction for dry matter production by the shoot. 
2 
Some hybrids approached maximal yields at five plants/m , 
2 
whereas others required a density of 10 to 15 plants/m . 
Zscheisler et al- (1974) evaluated four varieties of 
corn representating FAO maturity classes of 210, 240, 280, 
and 340, grown in four different population densities and 
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cut at three dates in each of four years. They observed 
significant varietal differences for total green and dry 
matter yields of the remainder of the plant and for contents 
of crude protein, crude oil, nitrogen-free extract, crude 
fiber, ash, and dry matter in the entire plant, ears, and 
plants minus ears. They found significant variety x cutting 
dates, variety x population densities, and variety x years 
interactions for all constituents of the ear and for some of 
the plant traits. The starch equivalent in the ear, esti­
mated as per kilogram of dry matter, was related to the 
earliness of the variety, being lowest and showing the least 
increase from second to third cut in the earliest variety, 
Velox. 
Bonciarelli and Monotti (1975) compared early and late 
types of corn hybrids for leaf area index, leaf area dura­
tion, crop growth rate, net assimilation rate, distribution 
of dry matter into aerial plant parts, and harvest index. 
At the beginning of the grain filling period, total dry 
matter was greater in the late hybrids, FAO class 600 and 
700, because of their larger LAI during the vegetative growth. 
LAI remained greater in such hybrids during the period of 
kernel formation, but the cessation of dry matter accumulation 
occurred at the same time in early and late types; the later 
types could not take advantage of their longer functioning 
leaf area. Late hybrids had larger leaves in the intermediate 
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and lower stem, whereas the early hybrids had larger leaves 
above the ear. No differences were found in CGR, calculated 
during the linear phase of dry matter accumulation in the 
kernels. Differences between the two groups of hybrids in 
total dry matter at the end of the grain filling period 
were smaller than at the beginning of kernel formation; 
hence, the harvest index was greater in early types. The 
authors indicated that the best corn for grain in temperate 
regions seems to be an early flowering type, FAO class 400, 
grown at adequately high plant density. The percentage of 
grain on the total dry matter was about 5% higher in earlier 
hybrids. The later hybrids yielded the earlier hybrids 
only in production of vegetative parts, but the earlier hy­
brids had greater grain yields. The proportion of husks 
was the same, the percentage of cobs was lower in the later 
hybrids, and the percentage of stalks and leaves was con­
siderably greater in the later hybrids. 
Fakorede (1975) evaluated productivity of corn as af­
fected by plant density and simulated vertical leaf orienta­
tion. He concluded that the efficiency of individual plants 
decreased with increased plant density; although grain yield 
increased significantly with increased plant density, the 
grain-yield components (ears per plant, 300-kernel weight, 
and grain yield per plant), were significantly reduced at 
the higher plant density relative to the lower plant density. 
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Barrenness increased with plant density increases, and, there­
fore, increased plant density reduced efficiency of dry 
matter production. He studied 20 BSSS 237 with horizontal 
leaf orientation and 20 BSSS 138 with vertical leaves at 
40,000 and 160,000 plants/ha. Increased plant density de­
creased mature plant height and ear height, and number 
of tassel branches per plant, but increased days to mid-
silk and leaf area index. 
Faungpong (1975) studied the effects of prolonged 
light intensity and photoperiod on grain yield and some 
other characteristics of corn. His study showed that popu­
lation increments from 25,832 to 51,664 and 77,498 plants per 
hectare caused only a minimal delay of tasseling but a sig­
nificant delay in silking, which also caused an increase in 
the tasseling to silking interval. An increase in plant 
population also increased number of barren plants and nubbin 
ears. 
Phipps (1975) found significant differences for rela­
tive maturity of corn varieties on dry matter yield and dry 
matter percent, one the reverse of the other. Three varie­
ties were evaluated at 49,000 to 167,000 plants/ha and row 
widths of 35 and 70cm. Little advantage was observed for 
high compared to medium population density and no effect for 
row width. The authors indicated that later maturing 
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varieties showed a smaller contribution of ear dry matter 
as percentage of total dry matter yield. 
White (1976) analyzed the effects of plant population 
on forage corn yields and maturity on Prince Edward Island. 
Relatively little effect of population densities from 39,000 
to 80,000 plants/ha was observed on forage yields of corn. 
Yields varied from 4,887 to 15,289 kg of dry matter per 
hectare, but the variation was mostly due to seasonal ef­
fects. The dry matter content of the whole plant was not 
affected by population density and varied from 19.3 to 26.8%, 
which were typical values for the area. The dry matter 
content of the grain tended to decrease with increased 
plant population, but was significant in only two years. 
Higher plant population delayed silking dates. Increasing 
plant population had little effect on total nutrient uptake 
but significantly reduced whole plant concentration in one 
year. Under the prevailing climatic conditions, field 
stands of 50,000 to 80,000 plants/ha were indicated as 
suitable for corn fodder production. 
Lee (1977) evaluated varietal response to temperature, 
planting dates, and locations. He observed differences in 
percentage of emergence among nine silage corn hybrids 
tested at three day/night temperature regimes in the green­
house and among three of them grown in the field. Nine 
hybrids tested at four sites showed that in northern areas. 
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ear yield was negatively correlated with the maturation 
period of the hybrid. In central areas total dry matter 
was positively correlated with maturation period, which was 
negatively correlated with ear to total dry matter ratio 
and percentage of dry matter and positively with leaf 
area index. 
Moll and Kamprath (1977) evaluated effects of popula­
tion density upon agronomic traits associated with genetic 
increases in yield of corn. They studied strains from a 
selection program initiated three decades ago, in which ten 
cycles of full-sib family selection had been completed 
at a plant density of 24,000 plants/ha. Comparison were 
made among the CO, C5, and CIO cycles at 24,710, 38,300, and 
49,420 plants/ha. The improved strains, C5 and CIO, averaged 
27 to 42% more yield than the original strain. Important 
increases in prolificacy, ear corn/stover ratio, and total N 
accumulation in the grain were found to accompany the in­
creases in yield because of selection. Increased plant 
population density resulted in greater yields per hectare 
in the improved strains. Interactions between strain and 
plant density were not statistically significant. Both ear 
height and top height increased with selection, but leaf 
size and ear weight seemed to decrease. Decreases also were 
noted in percentage of N in the grain and the stover. 
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Perry and Compton (1977) studied dry matter accumula­
tion and forage quality of leaves, stalks, and ears of three 
corn hybrids (Nebr. 611, Nebr. 612, and Nebr. 712). The 
three hybrids were grown under nonlimiting conditions and 
harvested at six kernel developmental stages within nine 
weeks in 1973 and 1974. All forage was separated for leaf, 
stalk, and ear dry matter production, and analyzed for crude 
protein and ^  vitro dry matter disappearance. Total plant 
dry matter production increased at most harvests and in­
creased both years for all harvests. Stalk dry matter 
production declined over the harvests for both years, but 
leaf production increased during 1973. Ear dry matter 
production increased at each harvest for all hybrids for 
both years. Leaf crude protein was twice as large as stalk 
crude protein and declined over all harvests for the leaf 
component. Percentage of crude protein of ears declined 
for only the first three harvests. No hybrid differences 
were detected in percentage of crude protein of the three 
yield components. Leaf vitro dry matter disappearance 
was higher than that of stalk. Rate of IVDMD was greater 
than in leaves. The greatest plant protein and IVDMD yield 
occurred at the last harvest in both years for all hybrids. 
Variation was detected among hybrids for total plant dry 
matter and plant component yields, but less variation was 
detected among hybrids in forage quality for each component 
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part. 
Crookston et al. (1978) compared a full-season late and 
an extra late corn hybrids planted as early as possible 
and after winter rye at 75,000 and 125,000 plants/ha. The 
highest yield for both planting dates was obtainëd by the 
later hybrid at the higher planting density. 
Iremiren and Milbourn (1978) studied dry matter yields 
and quality components of corn for silage. They observed 
that total dry matter yields increased asymptotically as 
plant population density was increased up to 17 plants per 
square meter. For the range of 11 to 17 plants per square 
meter, which is generally higher than used in the United 
Kingdom, the increase in yield was 1 to 1.6 ton of dry 
matter per hectare. During the harvest period, whole-crop 
dry matter percent increased from 23 to 28%, and ear dry-
matter content increased from 29 to 35%, but the leaf and 
stem dry-matter content remained essentially constant and 
only dried out at a later stage after a frost. Caldera 
535 had a higher leaf area index and net assimilation rate 
than the earlier variety, Julia, which it outyielded by 15%. 
The additional yield was mainly stem tissue and greater 
vegetative production which caused a 11-day delay in 
reaching the silage stage of maturity (about 25% crop dry 
matter). No differences W6re observed between plant 
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densities or varieties concerning quality components of dry-
matter digestibility. The authors indicated that their 
results contrasted with most of the reports coming from 
the United States of America in which a reduced grain/ 
stover ratio adversely influenced silage quality. Removal 
of the whole ear, including husks and rachis, at an early 
stage caused a 50% reduction in the final dry matter yield. 
Leaf area and net assimilation rate were lower, but dry 
matter content of leaves and stover was considerably higher 
and marked purple coloration developed, indicative of excess 
starch concentration. The authors concluded that the need in 
corn silage was not only for an adequate leaf canopy, best 
obtained early in the growing season by a high population 
density and subsequently by using late maturing varieties, 
but also for sufficient "sink" capacity in the ear and 
stem. 
Phipps and Fulford (1979) evaluated the relationship 
between the production of forage corn grown at different 
plant densities and accumulated temperature and Ontario 
Heat Units. The estimated accumulated temperatures required 
to reach 24% to 30% dry matter were 681 and 773°C days or 
2035 and 2304 Ontario Heat Units. INRA 200 was grown at 
4.9, 11.0, and 16.7 plants per square meter. Close agree­
ment between observed and predicted values was obtained 
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for whole-crop dry matter yields and dry matter percentage 
in 1974. Severe drought conditions in 1975 restricted growth, 
and a good relation was not obtained. 
Phipps and Weller (1979) analyzed the accumulation of 
dry matter, chemical composition, and nutritive value of 
fresh corn. INRA 200, LGll, Maris Saffron, Caldera 535, 
Anjou 210, and White Horse Tooth were grown in field trials 
at three different planting densities for two years. Stem 
yields declined after reaching a peak between 2 and 3 weeks 
after the midsilk stage, except for White Horse Tooth. 
In vitro digestibility of stem was inversely related to 
ear/stem ratio; total dry matter yield was higher in varia-
ties with greater ear/stem ratios. Higher plant densities 
caused pollen shedding and silk emergence to be asynchronous 
in Anjou 210, but did not cause adverse effects to INRA 200. 
Podolak (1979) evaluated the effects of irrigation, 
density of stand, and row spacing on green and dry matter 
yields of three hybrids. Differences among hybrids were 
greater than those between row spacings. TA 900, a new 
erect-leafed hybrid, was the greatest yielding hybrid and 
also showed the best response to irrigation. 
Hoeffliger (1980) studied the effects of plant popula­
tions, hybrids, and date of harvesting on dry matter yields 
and nutritive value of corn for silage at Nashua, Iowa. 
Plant densities were 54,300, 64,200 and 74,100 plants/ha and 
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54,300, 69,100 and 84,000 plants/ha in 1978 and 1979, 
respectively. Five hybrids currently grown commercially 
in Iowa that represented a range of relative maturities was 
included. Harvest dates were 30, 45, and 60 days after 50% 
silking; actual dates were 34, 50, and 64 days in 1978 and 
30, 45, and 70 days in 1979 after midsilking. Plant popula­
tion effects were significant for dry matter yield of ears 
in 1979; no significant effect of plant population, however, 
was observed in 1978. In 1979, dry matter yield of ears and 
percentage of ears declined with increasing plant population; 
on nutritive value components (crude protein and vitro 
dry matter disappearance) only minimal effects were de­
tected. Hybrid effects on dry matter yield and nutritive 
value were significant for all variables in 1979. The earlier 
hybrids tended to produce the greater percentages of ears, 
and, relatedly, greater percentages of whole-plant vitro 
dry matter disappearance. Total dry matter yield was highest 
for hybrid 5, which also was lowest in percentage of whole-
plant vitro dry matter disappearance. Yield of vitro 
dry matter disappearance for all hybrids was directly re­
lated to total dry matter yield. This study indicated that 
there was variation among hybrids for yield and nutritive 
value parameters. Results of this study suggested a cor­
relation between percentage of ears in the dry matter and 
whole-plant percentages of vitro dry matter disappearance 
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and crude protein. Date of harvest was significant for all 
variables in both years. All yield parameters increased with 
successive harvests in 1979, except for dry matter yield of 
stalks. Whole-plant percentage of ^  vitro dry matter dis­
appearance increased slightly and percentage of ^  vitro 
dry matter disappearance decreased with successive harvests. 
The author did not find any apparent disadvantage of har­
vesting at earlier stages, suggesting that the main concern 
should be obtaining an acceptable dry matter of the crop to 
ensure proper fermentation. Significant hybrid x harvest 
interactions for percentages of ^  vitro dry matter dis­
appearance of stalks and ears in 1979 were the result of 
later relative maturity of the two hybrids involved. 
Forage Quality 
Burroughs et al. (1949), studying the influence of 
corn starch upon roughage digestion in cattle using five 
series of digestion trials with cattle steers, found a 
substantial decrease in roughage dry matter digestion when 
starch was included in the ration in which corn cobs or 
corn cobs and limited alfalfa hay made up the roughage part 
of the ration. Starch decreased roughage digestion, 
although the percentage of protein in the total ration was 
widely different. The authors suggested that the variable 
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influence of starch upon roughage digestion was the result 
of adequate or inadequate nutrients for the growth of micro­
organisms in the alimentary tract, associated either with 
starch fermentation or roughage digestion. 
Anderson and Musgrave (1960) reviewing corn silage as 
related to plant populations, feed value, and competitive 
alternatives presented a summary of results of different re­
search showing that TDN and dry matter percent varied in 
relation to relative maturity according to the cultivars in­
cluded in the study. Among the other alternatives, only 
millet showed comparable digestible dry matter percentages 
with a smaller forage yield. They suggested that 25% dry 
matter of which one-third is grain would be reasonable 
as a goal for corn hybrid to be used for silage. 
Tilley and Terry (1963) proposed a two-stage method for 
in vitro digestion of forage crops. It involved incubation 
of small samples of dried forages first with rumen liquor 
and then with acid pepsin. Using 146 samples of grass, 
clover, and lucerne of known ^  vitro digestibility (Y), 
the regression equation Y = 0.99X - 1.01 (SE = + 2.31) was 
calculated where X = vitro dry matter digestibility. 
Gay (1966) reported different studies on silage quality 
of alfalfa, corn, grain sorghum, grass, sorghum sudan, and 
haylage. He indicated that 12.5 million acres of corn planted 
in Iowa, producing about 16 tons of silage per acre, would 
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possibly provide half of the U.S. annual beef supply. He 
assumed that 1 ton of silage could be converted to 100 lbs. 
of live weight. 
Owen (1967) reviewed the factors affecting nutritive 
value of corn and sorghum silage for meeting animal needs 
depended upon its composition, rate of intake, and the 
efficiency with which the animal used the ingested nutrients. 
He indicated that heavy fertilization of corn and sorghum 
generally improved only the nitrogen content, but otherwise 
had little effect on nutritional quality. High density 
seeding was indicated to have a detrimental effect on quality. 
He indicated small differences in daily lactation performance 
between early and late-maturing hybrid silages. Seed content 
itself was indicated as a clearly poor sign of quality. 
Supplementation of high-silage rations with adequate pro­
tein was suggested as important for efficient use of silage 
energy and protein. 
Raymond (1969) reviewed the nutritive value of forage 
crops and stated that the efficiency of soil-forage-ruminant 
systems depended upon: 1) the efficiency of use of inci­
dent light energy by the growing plant; 2) the proportion 
of energy in the plant which was actually eaten by the 
ruminant animal; and 3) the efficiency with which different 
animal populations converted the energy they ate into 
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products which can be used by humans. He discussed each 
factor emphasizing the importance of (2) and (3). He sug­
gested the use of nutritive value index as an estimate of 
potential nutritive value of a forage for a definite animal 
population. 
Matsushima (1971) reviewed quality factors in corn and 
sorghum silage and stated that the desired dry matter content 
for good silage was between 25 to 34%. He indicated also 
that a pH around 3.5 is desirable for good quality silage. 
The dough stage was suggested as the best for obtaining a 
high-quality silage. The higher the percentage of grain in 
the silage, the higher the energy value was admitted by the 
author as generally true. He reported some data from 
Nebraska indicating greater gains of wintering calves treated 
with 49% grain-silage of 2.02 lb/day compared to 1.45 lb/day 
of calves treated with 28% grain silage. 
Kovalcik et al. (1972) and Zubricky et al. (1972) 
studied the dynamics of the level of ascorbic acid and caro­
tene in corn silage and found hybrid effect in the initial 
content. The loss of ascorbic acid, in silage opened for 
the first time at eight months, ranged from 59.7% to 5.4%; 
carotene ranged from 64% to zero. 
Muller et al. (1972) evaluated the effects of a brown 
midrib mutant of corn on silage quality and found that lignin 
percentages of the three silages were 4.5, 6.8 and 6.9% for 
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bm^, normal, and commercial hybrid, respectively. Lambs fed 
a bm^ silage ration had a 29% greater voluntary consumption 
than lambs fed a normal silage. When rations were fed 
ad libitum apparent digestibility of dry matter, cellulose, 
hemicellulose, and energy were greater for bm^ than for 
normal or commercial hybrid. The bm^ silage had a faster 
rate of digestion of dry matter, cell walls, cellulose, and 
hemicellulose. These results indicated that the decreased 
lignin content of the genotype probably accounted for 
the faster ruminai rate of digestion ^  vitro and the greater 
apparent digestibility ^  vivo. The 29% greater voluntary 
intake of the bm^ silage was probably a result of faster rate 
of ruminai digestion due to a lower lignification of cellu­
lose and hemicellulose. 
Andrieu and Demarquilly (1974b,c) studied the effects of 
growth stage, variety, crop density, artificial ear enrich­
ment, and urea addition on digestibility and voluntary in­
take of corn silage. They found greater differences for 
voluntary intake than for digestibility, regarding varietal 
effects; they could not correlate the variations on di­
gestibility or voluntary intake among varieties, locations, 
and years to variations in the grain production. Ear en­
riched silages resulted in a slow, but regular, increase of 
their digestibilities; voluntary intake increased from 0 to 
1 ear ensiled plant but did not vary afterwards. The authors 
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also studied the influence of composition and fermentation 
characteristics on digestibility and voluntary intake of 
forage corn. They found close correlations between the 
chemical composition of silages expressed as dry matter, 
ash, crude protein, crude fiber, and the morphological and 
chemical composition of the corresponding standing corn. 
They indicated also that the digestibility was closely re­
lated to the total crude protein content. They suggested 
that the content of digestible protein on silages depended 
mainly on the protein content: Y = 0.978X - 3.753 + 0.36, 
where r = 0.986***. The voluntary intake also depended 
on the crude protein content of the silages. When the 
crude protein content of the silages did not constitute a 
limiting factor, it did not depend on dry matter content 
or ear content; the exact causes of the variations in 
voluntary intake, however, were unknown. 
Bartlett et al. (1974) reported experiments in New 
Zealand showing that corn should be considered as a summer 
supplement on town-supply farms only when the supply of 
herbage from irrigated pasture was inadequate to meet the 
feed requirements of the stock. Although he reported the 
production of 29t of dry matter per hectare, the author 
indicated that corn should not be used as forage if the 
economics of ensiling corn are favorable. 
33 
Larsen (1974) indicated that corn silage dry matter and 
digestible energy intakes could be predicted by either 12 
hour dm vitro cellulose digestibility, ^  vitro organic matter 
digestibility, or dry matter solubility. 
Schmid et al. (1975) evaluated six biological proce­
dures proposed for predicting forage digestibility of 
silages of corn and sorghum. He used sheep in conventional 
feeding trials to determine the dm vivo digestible dry 
matter of 51 corn and sorghum silages, i.e., 17 in each of 
three years. A modified Tiley and Terry ^  vitro procedure 
gave the highest correlations with vivo digestible dry 
matter; r = 0.83 for corn silages and r = 0.91 for sorghum 
silages. A direct acidification ^  vitro rumen fermentation 
procedure resulted ^  vitro digestible dry matter which also 
was highly correlated with vivo DDM; i.e., r = 0.50 and 
r = 0.91 for corn and sorghum silages, respectively. Appa­
rently the combination of large amounts of available carbo­
hydrates in the high grain entries and the phosphate 
buffer led to erratic growth and digestive action by the 
rumen bacteria as r = 0.19 for high grain compared to r = 
0.93 for low grain corn silages. Other procedures had smaller 
correlation, and multiple correlation analysis showed little 
improvement. Simple regression equations were developed to 
predict ^  vivo digestible dry matter from TTDDM and direct 
acidification DDM for corn and sorghum silages: Y = -2.95 + 
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0.92 (T-TDDM); SE of predicted was 1.78; and r^ = 0.70, 
Y = 12.29 + 0.74 (direct acid DDM); SE = 2.81; and r^ = 
0.25. 
Barton et al. (1976) investigated the relationship of 
chemical analysis to dm vitro digestibility of grasses. They 
indicated that differences in the cell wall matrix of tropi­
cal and temperate grasses could cause discrepancies in pre­
dicting digestibility from chemical compositional data. The 
best regression equation for predicting digestibility 
in vitro of all the grass samples contained terms for pro­
tein, hemicellulose, and permanganate lignin. Lignin was 
important as a predictor of digestibility and appeared in 
six of nine equations, particularly in the equations for 
temperate grasses. Protein was the best predictor for 
tropical grasses (r = 0.90) but not for temperate species 
(r = -0.17). One important compositional difference was the 
amount of hemicellulose, which was more abundant in the 
tropical (30 to 35%) than in the temperate grasses (22 to 
27%) . 
Schmid et al. (1976) studied the relationship among 
agronoi.iic characteristics of corn and sorghum cultivars and 
silage quality. Over a period of three years, 49 silages 
involving 11 corn cultivars and 14 sorghum cultivars were 
produced and fed to sheep in conventional feeding trials. 
They measured fodder yield, height, percentage of dry 
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matter, and percentage of plant parts; the quality measure­
ments were acid detergent fiber (ADF), ^  vivo measurements 
of digestible dry matter (DDM), average daily gain (ADG), and 
dry matter intake/animal/day (DMI). The highest correlations 
were observed between percentage of stems or percentage of 
ears or heads and quality for both corn and sorghum silages. 
Percentage of leaves and plant height were in some instances 
highly correlated with quality, but these relationships 
were explained by higher correlations of percentage of 
leaves and plant height to percentage of ears or heads and 
stems. ADF was lower in corn silage (29.0%) than in sorghum 
silage (34.9%). The low ADG of sheep fed sorghum silage 
(18.1g compared to 64.5g for corn silage) was primarily 
due to low DMI (649g) and low DDM (55.6g) of the sorghum 
silage compared to 777g and 63.8% of corn silage. A re­
gression analysis showed that nearly equal amounts of DDM 
intake above maintenance were needed for a unit of ADG 
from corn silage and from sorghum silage. 
Taha et al. (1976) studied the use of wilted corn 
plants as a factor affecting the microbial and chemical 
composition of silage. They concluded from laboratory 
experiments that wilting of corn, at pre-mature or post­
mature stages, was a favorable procedure for the production 
of a good silage. They indicated that wilting stimulated 
higher densities of lactic acid bacteria with concomitant 
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inhibition of yeasts, moulds, and undesirable bacteria 
responsible for the spoilage of silage. 
Abe et al. (1977) analyzed the change of nutritive 
value with developing maturity of corn plants. Digestible 
dry matter, determined by the cellulose method, varied from 
64 to 68%. The percentage of digestible corn grain in total 
digestible dry matter varied from 10 to 71%. Silages were 
prepared in three stages of maturity, including dough, ripe, 
and over-ripe stage, and digestibility trials were con­
ducted using sheep. 
Balasubramanya et al. (1978) analyzed ten fodder varie­
ties of corn, sorghum, Euchlaena, and Pennisetum and found 
highest yield of green fodder (91.7t and 91.5t/ha) for South 
African corn and Jowar-J-set-3 sorghum; Jowar-J-set 3 and 
South African corn had the highest yields of dry fodder 
(24.97 and 21.46t/ha); and South African corn had the highest 
protein content on a dry matter basis (2.17t/ha). 
Wilkinson (1978) stated that variation in silage compo­
sition from different varieties was probably due to differ­
ences in dry matter content after harvest. Of 14 varieties 
originating from France, the Netherlands, and Switzerland 
and used for silage production in the United Kingdom, 
Sprint from France had the highest dry matter content 
(30.3%), and Orla 264 from Switzerland the lowest (25.2%). 
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The isolation of brown-^midrib mutant bm^, which has a lower 
lignin content than that of normal corn (3.54 vs. 5.68%), 
produced silage with increased ^  vitro dry matter digesti­
bility. 
Mertens and Loften (198 0) evaluated the effect of 
starch on forage fiber digestion kinetics vitro and 
found that corn and wheat starch did not differ in their 
effect upon fiber digestion, digestion rate, or potential 
extent of digestion. Addition of starch increased the lag 
time of fiber digestion, but digestion rate was not af­
fected. Potential extent of digestion was decreased when 
starch was added. 
Oltjen and Bolsen (1980) studied wheat, barley, oat, 
and corn silages for growing steers. Diets were 84 to 86% 
silage on a dry matter basis. Dry matter intake was af­
fected more by composition of the silage than by plant 
species, but efficiency of gain was influenced more by 
plant species. Regression analysis indicated that silage 
dry matter and acid detergent fiber were consistently 
responsible for daily gain and dry matter intake response. 
Each additional percentage unit of silage dry matter con­
tent increased daily dry matter consumption by 0.08 kg/ 
steer; each additional percentage unit of silage acid 
detergent fiber decreased daily gain 0.04 kg. 
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Phillip et al. (1980) studied the effect of ensiling 
the whole plant on voluntary intake, rumen fermentation, 
retention time, and rate of digestion in steers. Voluntary 
intake by cattle fed corn silage with 38% dry matter was 
not limited as a result of ensiling of the forage. How­
ever, they observed that the rate of digestion of dry 
matter in the rumen was reduced. 
Physiological Aspects of 
Forage Maize 
Bauman (1960) evaluated the relative yields of first 
(apical) and second ears of semi-prolific southern corn 
hybrids. He found that most of the yield variations re­
sulted from differences in second-ear yield when a signifi­
cant number of second ears developed. He observed that first-
ear yields were relatively unaffected by environment unless 
conditions were so poor that relatively few second ears 
developed. He observed some ability in the plants to 
shift part of the potential first-ear yield to the second 
ear, but less ability to do the reverse. Number of second 
ears also was greatly reduced or nearly eliminated before 
first-ear yield was decreased in plants wh ch have 0 to 6 
leaves removed. 
Donald (1962) reviewed biological yield and harvest 
index. He emphasized that total plant yield is a direct 
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outcome of the extent and duration of photosynthesis, sub­
ject only to the addition of minerals and losses by respira­
tion. He suggested the use of biological yield and harvest 
index for the assessment of performance of cereals. 
Knipmeyer et al. (1962) reported experiments conducted 
in 1956 and 1957 on the effect of artificial shade on the 
growth and the nitrate, total nitrogen and sugar, and citric 
acid contents of young corn plants. Three hybrids were 
studied: WF9 x C103, Hy2 x Oh?, and Hy2 x Oh41. As the 
light intensity was decreased, the nitrate content of the 
plants increased, and dry weight and sugar contents decreased 
for all hybrids. Total nitrogen and citric acid contents of 
the plants were unaffected by the shade treatments. WF9 x 
C103 accumulated more nitrate than Hy2 x Oh41. The effect 
of competitive plant shading was determined for WF9 x C103, 
Hy2 X Oh7, and 2110 x 540 at plant populations of 1 and 7 
plants per hill. The high density plants were smaller on 
dry weight basis and contained more nitrate. In general, 
nitrogen metabolism was more adversely affected by the de­
creased light intensity than was carbohydrate metabolism; 
the data did not support the hypothesis that carbohydrate 
metabolism was limiting nitrate assimilation. The decreased 
dry weight and the accumulation of nitrate by the plants 
grown under artificial or competitive plant shade indicated 
that light was a major limiting factor in the reduction of 
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yield per plant as plant population increased. 
Moss (1962), reviewing photosynthesis and barrenness 
in corn, mentioned that fodder yield of corn decreased 27% 
in relation to a whole plant yield, but the yield of stalks 
and leaves increased 59%. Thus, plants had some storage 
capacity in the stalks and leaves, and this capacity was 
seemingly much less than that of a normal ear. The author 
suggested the hypothesis that the accumulation of carbo­
hydrates in leaves can suppress photosynthesis. In densely 
planted corn many or all plants may be barren but remain 
green and vigorous in appearance. 
Mishra et al. (1963) studied high plant populations of 
corn for forage and green manure at three Illinois locations 
for three years. They reported that two crops a year or 
a single crop of high population corn (495,000/plants/ha) 
provided more pounds of dry forage and protein than con­
ventional plant stands, but they also had poor silage 
characteristics. High stand population corn crops did not 
surpass the conventional practice of interseeding spring 
oats with a legume. 
Gunn and Christensen (1965), analyzing the maturity re­
lationships among early to late hybrids of corn, indicated 
that effective degree days gave a relatively accurate 
determination of the period from planting to mid-silk in 
different locations and years. The correlations between 
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effective degree days to mid-silk and the moisture percen­
tages of the ears at all stages of development were high. 
Each maturity class had a unique moisture loss and dry 
matter accumulation profile. Ears of early hybrids had lower 
moisture percentages than later hybrids during the entire 
season, from 30 to 100 days after mid-silk. The moisture-
loss regression lines were essentially parallel for all 
maturity classes, although the line for each later class was 
at a higher moisture level. Early hybrids reached physio­
logic maturity in fewer days than later hybrids and had lower 
mature kernel weights. Since early silking and high moisture 
were not necessarily indicative of slow rate of drying, the 
authors suggested that, to obtain a realistic evaluation of 
the maturity of a hybrid, it is necessary to compare it with 
previously evaluated maturity reference hybrids. 
Doss et al. (1970) studied yield components and water 
use by silage corn with irrigation, plastic mulch, nitrogen 
fertilization, and plant spacing. They indicated that 
irrigation, plastic mulch, and higher plant populations in­
creased dry matter yields of all plants parts. Closer row 
spacings increased dry matter yields of stalks and leaves 
but slightly decreased ear yields. Nitrogen rate had little 
or no effect on dry matter yields of any plant part. Stalks 
comprised an average of 45% of the total plant dry weight, 
ears 36% and leaves 19%. Plastic mulch decreased average 
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daily water use rates during the early part of the growing 
season but had little effect during the latter part of the 
season. 
Perry and Janick (1971) tested various models to 
explain the response of corn to population pressure, using 
square and row spacing arrangements, ranging from 2,375 to 
151,975 plants/ha. Grain yield peaked at a finite population 
level while total top yield seemed to be asymptotically 
related to plant population. Of the different models tested 
only the modified reciprocal equation adequately described 
the response of grain and total top yield per plant to 
changes in plant density: w ^ = Ap - B, where w = yield per 
plant, p = plant population, and t. A, and B are constants. 
The constant t can be estimated from the relation: w(total) = 
w°'(grain), as yield changes with plant population. The 
constant a may be useful both as selection criterion in 
breeding for increased yield or as a parameter in population 
and plant distributions studied: log w(total) = log K + 
a log w(part), or w(total) = K w a(part). If a = 1, the 
part is a constant proportion of the total plant. If a > 1 
the part yield is a portion that increases with increasing 
plant densities. If a < 1, the part is a proportion that 
decreases with increasing plant densities. t(part) = 
t (total) X a; thus, when t(total) = 1, t(part = a. 
Rumawas et al. (1971) indicated that carbohydrate 
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percentages of corn plants grown in 50 or 75cm row spacings 
were similar. For both row spacings, diurnal changes in 
carbohydrate concentration were highly significant. Con­
centration of water-soluble carbohydrates increased con­
siderably during anthesis and early ear formation. Micro-
meteorological parameters were similar at all canopy height 
for the 50 and 75cm row spacings. 
Singh and Stoskopf (1971), studying harvest index in 
spring barley, oats, winter barley, and rye at Guelph from 
1964 to 1967, found a high degree of variability. Stems 
contributed the greatest amount of dry weight; reduction in 
plant height showed greatest effect on stem dry weight 
and least on grain yield. Harvest index was positively 
correlated with grain yield but negatively correlated with 
vegetative growth. 
Major et al. (1972) compared inbred and hybrid corn 
grain yield measured at equal leaf area index. Grain yield 
of 44 single crosses and their component inbreds of corn 
was determined over a wide range of plant populations 
that included 37,000 to 200,300 plants/ha in radial experi­
mental units. Yield was determined for inbreds and single 
cross hybrids at unit intervals of leaf area index of 1 to 4. 
Mean inbred yield was no greater than 60% of the mean hybrid 
yield, regardless of whether yields were compared at either 
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a common plant density or a leaf area index. Optimum leaf 
area index (LAI, where grain yield was at its maximum) was 
higher for the hybrids than for the inbreds (2.6 compared 
to 2.0). 
Prior (1973) indicated that the yield potential and 
environmental stability of second-cycle, two-ear hybrids 
were equal to or greater than the other types tested. 
Stability of yield was greater for prolific hybrids than 
for others. 
Ishiguri (1974) reported a sheep digestion trial con­
ducted in Hokkaido, Japan. Corn silage for four stages of 
maturity showed that crude protein and fiber percentages, 
ADF, and ADL decreased with increasing maturity ranging from 
early milk to glaze stage. He indicated also that di­
gestibility of dry matter carbohydrate and energy increased 
with increased maturity from early milk to milk stage. 
Pepper (1974) indicated that upright leaf orientations 
have the greatest advantage at higher plant densities. 
More horizontal leaves were found most productive at lower 
plant densities. Upright leaf lines were less barren than 
horizontal leaf lines as plant densities approached the 
maximum. Results of his study on effect of leaf orientation 
and plant density on the yield of corn suggested that more 
efficient utilization of solar energy can be made by corn 
having upright leaves, rather than horizontal leaf 
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orientation. 
Daynard and Hunter (1975) indicated that an average of 
66 to 70% moisture content of the whole-plant of corn and 
grain moisture content of 45 to 50% corresponded to maximum 
dry matter yields. They observed also that dry matter di­
gestibility of the whole plant was essentially stable 
over a range of whole-plant moistures from 76 to 56% in 
1970, and from 76 to 64% in 1971. The consistency of whole-
plant digestibility was interpreted as the result of com­
pensating changes in component yield and digestibility. A 
decrease in the digestibility of the stover, husks, and cob 
with delayed harvest was compensated by an increase in the 
proportion of grain in the whole-plant yield. 
Mock and Pearce (1975) proposed an ideotype of corn 
for maximizing the utilization of optimum production environ­
ment. They characterized the ideotype by; 1) stiff, 
vertically-oriented leaves above the ear (leaves below the 
ear should be horizontally oriented); 2) maximum photo-
synthetic efficiency; 3) efficient conversion of photo-
synthate to grain; 4) short interval between pollen shed and 
silk emergence; 5) ear-shoot prolificacy; 6) small tassel 
size; 7) photoperiod insensitivity; 8) cold tolerance in 
germinating seeds and young seedlings (for genotypes 
grown in area where early-planing would require planting in 
cold, wet soils); 9) as long a grain-filling period as 
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practically possible; and 10) slow leaf senescence. 
Phipps et al. (1975) reported that whole-crop dry 
matter and dry matter percentage of three corn varieties 
were related to accumulated temperature, Ontario heat units, 
and solar radiation. 
Bonaparte and Brawn (1976a) studied the effects of 
different environments on leaf number and duration to 
flowering in corn. The study included 25 hybrids evalu­
ated at six locations, ranging from Beltsville, Maryland, 
38°N to La.Pocatiere, Quebec, 48°N. Leaf number was sig­
nificantly correlated with days to mid-silk; mean leaf number 
was least at Beltsville and highest at La Pocatière; days to 
mid-silk showed a consistent increase in the same direction. 
Leaf number did not appreciably vary within locations and 
was more stable than days to mid-silk and the agro-
meteorological indices of maturity. In general, genotypes 
planted progressively further north took longer to flower, 
grew taller, and tended to develop more leaves. High 
positive linear relationship between the number of leaves 
and their duration to flowering was obtained (r = 0.699 to 
0.959). 
Bonaparte and Brawn (1976b) studied the effects of 
plant density and planting date of leaf number and develop­
ment in corn. They reported that increase in plant density 
was accompanied by a decrease in leaf number; an increase 
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in the time from planting to tassel emergence and mid-silk; 
and an increase in grain moisture at harvest. Linear corre­
lations between leaf number and these events were obtained 
within the spacing environments. Delayed planting dates 
were accompanied by changes in leaf number, with a sig­
nificant increase in leaf number at the middle planting date, 
a decrease in the periods from planting to tassel emergence 
and mid-silk, and an increase in grain moisture at harvest. 
Leaf number was highly correlated with these developmental 
events within the planting date environments. 
Crosbie (1976) evaluated the variability for net photo­
synthesis (CER) in Iowa Stiff Stalk Synthetic and relation­
ships of net photosynthesis with various plant traits. He 
concluded that enough variability for CER existed in this 
synthetic; he indicated also that estimates of heritability 
for CER on a per line-mean basis were high enough to allow 
efficient selection. Genotypic correlations between CER 
and grain yield were low, suggesting that the use of CER 
for selection of high grain yielding cultivars was not too 
promising. 
Leask and Daynard (1976) observed the changes in pH of 
corn stover following grain maturity. They indicated that 
pH and percentage of dry matter of leaf, stalk and husk 
components increased exponentially with decreased exponents 
and increased exponentially with decreasing grain moisture 
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content. The pH of lower stalk segments was positively 
correlated with visual pith-condition ratings. They sug­
gested the use of corn stover pH as an indicator of genetic 
differences of stalk quality. 
Nakaseko and Gotoh (1976) studied the differences in 
dry matter accumulation among one-, two-, and three-eared 
plants. They found higher dry matter weight in each organ 
of more than two-eared plants than in one-eared plants, 
especially in ear and root systems. Total grain yield per 
plant was the highest in two-eared plants; the first- and 
second-ear yields of the three-eared plants were lower than 
those of two-eared plants. Also, 70% of the third ears were 
barren. Crop growth rate (CGR) per plant during reproduc­
tive period was higher in plants with larger number of ears; 
this was attributed to higher net assimilation rate (NAR) 
and not to larger leaf area. They found high positive 
correlation between NAR and R/L, the ratio of mean root 
dry weight per unit leaf area and a dry matter accumulation 
rate of ear. A significant partial correlation was de­
tected between NAR and R/L. 
Troyer and Brown (1976) studied selection for early 
flowering in seven late synthetics in southern Minnesota. 
Effects per cycle of 5% selection intensity averaged 1.1 
g/ha yield increase, 2.2 ears/100 plants increase, 1.6% 
grain moisture decrease, 4.1cm ear height decrease, 1.7 days 
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less to flower, and 0.4 days less silk delay. They observed 
a cycle-by-density interaction because advanced cycles 
exhibited prolificacy at a lower plant density after selec­
tion against barrenness at higher plant densities. The 
decrease in silk delay and increase in ears per plant was 
interpreted that selection for early flowering during 
stress is effective in adapting materials to higher plant 
densities. Selection for early flowering was an effective 
method to adapt late corns to an earlier area. Strong 
correlated responses to selection for early flowering were 
found for lower kernel moisture, lower plant and ear 
height, and higher stalk breakage. Earlier flowering in­
creased yields in a short, cool season and decreased yields 
in a long, warm season. This relation was explained by the 
contrasting relationship of flowering date with plant size 
and length of grain filling period, i.e., earlier flowering 
increased yield when longer filling period was critical and 
decreased yield when larger plant size was more important. 
Adeyefa (1977) compared the diurnal variation in leaf 
carbohydrates of tolerant and intolerant corn hybrids under 
high plant populations. He observed hybrid and density 
effects in the movement of assimilates out of a fully grown 
leaf; he interpreted the hybrid effect as most likely related 
to differential tolerance of corn genotypes to increasing 
plant densities. He found no evidence that suggested that 
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the rate of photosynthesis in leaves was retarded or ceased 
as a result or carbohydrate accumulation from the previous 
day synthesis. He indicated two major factors in intolerance 
to high plant densities; disease incidence and tassel 
effect. 
Aitken (1977) compared the rate of development of early 
flowering varieties of corn in four latitudes (65°, 20°N; 
38°, 31°S). He interpreted the results as indicating two 
main units in maturity genotype complex: 1) a tendency to 
flower (strong to weak); and 2) a negative response to 
photoperiod (strong to absent) before tassel initiation. 
Other minor factors indicated: a response to photoperiod 
that delayed silking more than anthesis; modifiers that 
affected rate of leaf appearance and seed ripening; and also 
the general responses to temperature common to all varieties. 
He indicated that the genotype needed for varieties to fit a 
short growing season of suitable temperature must have a 
very strong tendency to flower, whatever the latitude and 
altitude, and, in addition, little or no sensitivity to 
photoperiod for places in the temperate zone. 
Bruetsch (1977) studied physiological factors affecting 
the differential uptake and accumulation of phosphorus by 
long- and short-season genotypes of corn. He observed that 
the early lines accumulated more dry matter and more phos­
phorus in tops and roots than later lines. In the absence 
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of P with A1 at 0, 10, 2 5 ,  and SOppm the roots of early 
varieties exhibited symptoms of A1 toxicity before those of 
later lines. In the field the root system was less deve­
loped in early lines, and these lines were more responsive 
to applied P. The early lines accumulated more P, Fe, Al, 
and Mg when cultivated without tillage, and the later lines 
accumulated more under conventional tillage. 
Cross (1977) studied the relationship between yield 
stability and various agronomic traits in a very early and 
an early set of corn hybrids grown in 9 and 11 environments, 
respectively. He indicated that general stability, as esti­
mated by the regression coefficients, was associated with 
yield, kernel depth, and number of kernel rows per ear. 
Specific stability, estimated by the mean squares of devia­
tions from regression, was associated with ears per plant. 
Within the later maturing diallel crosses, hybrids with more 
ears per plant had lower deviation mean squares, while 
the opposite was found within the earlier set. Generally, 
inbreds with high general combining ability effects for 
kernel depth and kernel rows per ear had high general com­
bining effects for yield. 
Fakorede (1977) studied direct and correlated responses 
to recurrent selection for grain yield in corn breeding 
populations. He indicated that, although there were genetic 
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associations between observed and predicted, correlated 
responses suggested that maximum potentials for these 
traits were not attained via recurrent selection for grain 
per se. Growth analysis was used to evaluate dry matter 
productivity and distribution by the unimproved and im­
proved hybrids. For the traits studied, only leaf area, 
leaf-area duration, leaf-area index, and leaf-area-index 
duration were significantly larger in the improved than in 
the unimproved hybrids. These differences occurred mostly 
during grain filling, and, consequently, improved hybrids 
produced and translocated more dry matter into the ear. 
He suggested that perhaps larger sink size delays leaf 
senescence in crop species. The source, i.e., the photo-
synthetic capacity, was not limiting grain yield in BSSS (R) 
X BSCBl (R) and BS12. Increased grain yields that resulted 
from recurrent selection were the result of longer duration 
of grain filling in BSSS(R) x BSCBl(R) and prolonged 
photosynthetic activity increased production of photo-
synthate from source to sink in both BSSS(R) x BSCBl(R) 
and BS12 x B14A. 
Crosbie (19 78) evaluated tolerance to high plant densi­
ties and plant efficiency of cross breeding populations 
developed by recurrent selection for grain yield. Three 
cycles of reciprocal full-sib selection did not improve 
the response to plant densities or change traits associated 
with tolerance to higher plant densities of BSIO(FR) x 
BSll(FR). Seven cycles of reciprocal recurrent selection 
increased grain yield of BSSS(R) x BSCBl(R) at each 
density, but CO x CO and C7 x C7 displayed similar negative 
decrease for grain yield across plant densities. LANC C5 
exhibited improved general combining ability for grain yield 
only at 59,300 plants per hectare. Improvements in grain 
yield were associated with increased ear-sink capacity for 
BSSS(R) X BSCBl(R) and LANC C5. LANC C5 also had in­
creased dry matter yield, prolonged photosynthetic activity 
during grain filling, an extended grain filling period, and 
more efficient production of grain per unit leaf area and 
per heat unit. 
Francis et al. (1978) evaluated thé effects of competition 
on yield and dry matter distribution in corn. They indi­
cated that timing and intensity of competition, as a function 
of plant density and other factors, significantly affected 
grain and total dry matter production in corn. Competition 
during different stages of growth affects dry weight 
distribution among different plant fractions. Greater 
inter-plant competition occurred in hybrids than inbreds, 
and in higher densities than in lower densities, when this 
was measured as final dry weight per plant. Plant height 
was reduced by competition. In plant density trials* yield 
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increased up to 8 x 10^ plants/ha in experimental plots. 
Farm trials confirmed this density response under a range 
of conditions. 
Sato et al. (1978) evaluated differences in dry matter 
accumulation between prolific and single ear type hybrids. 
They indicated that both hybrids produced a similar number 
of silked ears but the prolific hybrid had a significantly 
higher dry weight of the second ear at the lower density. 
Grain yields were higher at both densities (25,600 and 
100,780 plants/ha) for the prolific, and the number of 
harvestable ears was significantly higher at the higher 
density than at the lower density. Net assimilation rate 
and crop growth rate were higher in the prolific, but mean 
leaf area was similar for both hybrids. During the 8 
August to 2 September period, the partitioning of dry matter 
in the ear was higher and in the culm plus leaf sheath, and 
lower in the prolific hybrid than in the single-ear hybrid 
at both densities. 
Tollenaar and Daynard (1978) studied the pattern of leaf 
senescence for 10 short-season corn hybrids in Central 
Ontario for two years. In both years, 60% less senescence 
was attained nine days before black layer formation. Dif­
ferences in rate of leaf senescence were observed between 
years and among hybrids within years. These differences 
were not related to stem soluble-solid concentration at 
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grain maturity. 
Allison and Daynard (1979) evaluated the effect of 
change in time of flowering, induced by altering photo-
period or temperature, on attributes related to yield in 
corn. Increased temperature shortened the interval 
from sowing to ear initiation and from ear initiation 
to silking. Decreased photoperiod shortened only the 
first period. Total leaf area per plant decreased as 
temperature increased because leaves were smaller, and, as 
photoperiod decreased, fewer leaves were formed. Changes 
in temperature altered total leaf area and time between 
sowing and silking by proportionately similar amounts. 
Change in photoperiod altered leaf area proportionately 
more than did time of silking. Number of florets per ear 
row was little affected by temperature or photoperiod; 
apparently, rate of floret initiation was unaffected by 
photoperiod but increased with temperature. 
Broersma and van Ryswick (1979) observed magnesium 
deficiencies in some varieties of corn. Pioneer 3960 
showed the most severe Mg deficiency, while Pioneer 3965 
showed no deficiency. Dry matter yields were closely re­
lated to deficiency rating and were more stable in Pioneer 
3965. The varietal deficiencies reported were regarded as 
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important in selecting forage corn to prevent hypomagnesemia 
in animals. 
DeLoughery and Crookston (1979) evaluated harvest index 
(HI) of corn hybrids as affected by population density, 
maturity rating, and environment. They included 10 hybrids, 
two for each Minnesota relative maturity (RM) groups of 75, 
95, 105, 120, and 135 at 12.5, 25, 50, 100, and 200 thousand 
plants/ha at three locations. The adapted hybrids (105RM) 
planted at a normal production density (50,000 plants/ha) 
had an average HI of 0.37 (range 0.32 to 0.47) over all 
environments. At each location the maximum HI value was 
0.50. As plants encountered increasing stress they 
partitioned less dry matter into grain, eventually producing 
only stover. An increase in plant populations caused sig­
nificant decreases in HI at all locations. Differences in 
RM did not consistently affect HI, although the latest 
maturing hybrids did have decreased indices. HI of corn 
appeared to be affected more by environment than by either 
population density or relative maturity. HI and grain yield 
showed positive correlations in the stress environment (r = 
0.96) but were poorly correlated in the nonstress environ­
ment (r = 0.28). Also, harvest indices obtained in one 
environment had no predictable relationship to grain yields 
in a different environment. The authors concluded that plant 
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population density, especially environment, must be taken 
into consideration when evaluating HI information. 
Edmeades et al. (19 79) studied the influence of plant 
density on the distribution of ^^C-labelled assimilate 
(26% at 50,000 plants/ha and 19% at 150,000 plants/ha) to 
the developing cob, including rachis and grain initials. 
The position of the assimilating leaf was more important 
than plant population density regarding assimilation distribu­
tion. An increase in plant population density increased 
the proportion of labelled assimilate remaining in the leaves. 
Coefficients of variation computed among individual plants 
indicated that assimilate distribution to reproductive 
organs was more variable than that to vegetative organs and 
that this variability increased with plant population 
density. 
Sevcovic (1979) analyzed the content of phosphorus, 
potassium, and calcium in seven hybrids at three sites for 
three years. He indicated that phosphorus content of the 
above-ground parts was generally higher in mid-season 
varieties than in late or early ones, though interactions 
variety x site were recognizable. Phosphorus concentration 
was highest in the ears, reaching 0.42% in a late variety. 
It was only in the ears that significant intervarietal dif­
ferences in potassium accumulation were found; the values 
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were lower in early and late than in midseason varieties. 
Calcium accumulation was greatest in the leaves, being highest 
in late varieties and lowest in early varieties. 
Seyedin et al. (19 79) observed differences in auxin 
levels of corn tassels in cultivars differing in population 
tolerance. A cultivar with tolerance to high plant density 
had a significantly higher indolacetic acid content in 
tassels at the tetrad stage than a cultivar without 
tolerance. 
Genetic Aspects of Forage Maize 
Production 
Hallauer and Russell (1962) estimated maturity of eight 
single-cross hybrids at about 63 days after silking at 
grain moisture of 34.6%, for two years. A three-year 
average for the material arising from the cross of the B14 
and Oh45 indicated maturity was attained approximately 60 
days after silking at a grain moisture of 36.4%. In all 
instances the interval from silking to maturity was rela­
tively constant within years but longer than previously re­
ported. Grain moisture ranged from 28.8 to 39.8% for the 
material studied. Grain moisture content was not considered 
a true indication of maturity for specific genotypes. 
Estimates of the additive, dominance, and epistatic 
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effects were obtained for six generations of population 
means. Relative importance of dominance and some of the 
epistatic components was noted. Estimates of the genetic 
components of variance for grain moisture and kernel weight 
at maturity were obtained in the segregating populations. 
They indicated a relatively greater importance of dominance, 
but it was emphasized that the estimates may be biased be­
cause of the epistatic effects detected in the generation 
means. There was a significant difference among the 
segregating entries, in each of the three years, for weight 
per 100 kernels at maturity; however, the magnitude of the 
additive genetic variance was small in most instances. Be­
cause of the difficulties for the estimation of maturity 
on the basis of the maximum dry matter content of the 
grain, this method was not considered feasible. 
Ramsey (1963) reported a feeding trial using six 
heifers, with an average weight of 340.5 kg in a 3 x 3 latin 
square design for three silages: 1) Sudax (sorghum and Sudan 
cross); 2) dwarf corn; and 3) Dixie 55 corn hybrid. Con­
sumption per 45.5kg of body weight, digestibility of dry 
matter, and digestibility of protein for sudax, dwarf 
corn, and Dixie 55, respectively, were 0.451, 0.681 and 
0.915kg; 52, 60, and 63%; and 28, 56, and 52%. Differences 
between normal and dwarf corn were not significant. Dry 
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matter losses for sudax and dwarf corn in 1.83 by 6.1m 
concrete silos were 10 and 8%, respectively. Dixie 55 
silage was made in a large upright silo. Yield in tons per 
acre were: 11 tons for sudax, 19 tons for dwarf corn 
(64,350 plants per hectare), and 19 tons for Dixie 55 
(32,175 plants/ha). 
Nass and Crane (1970) evaluated nine corn endosperm 
mutants in three near-isogenic hybrid background for dry 
matter gain per seven days. They detected significant 
differences among endosperm types and for waxy and normal 
endosperm for dry matter gain. Floury-1 was the only endo­
sperm mutant that accumulated more dry matter than normal 
endosperm at each harvest date. Decrease in percentages of 
moisture per seven days was significantly different among 
endosperm types and for su and ^  endosperm among hybrids. 
All mutants except floury-1 had a greater moisture percentage 
than normal. Results were interpreted as indicating only 
floury-1 gene as a possible source for increasing yield in 
hybrid combinations. 
Roth et al. (1970) detected significant genetic 
variability among 36 corn crosses and varieties for 
four forage quality traits: vitro digestible dry 
matter, acid detergent fiber, acid detergent lignin, 
and cell wall constituents. They did not observe sig­
nificant genetic variation for crude protein. They 
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interpreted the data as indicating the feasibility of 
breeding corn varieties which would be superior, for silage 
quality, to varieties developed for only grain yield. They 
detected negative correlations between total dry matter 
and ^  vitro digestible dry matter, and between total 
digestible matter (TDM) and ear/stover ratio, indicating 
that development of both high-grain and high quality corn 
silage may be more difficult than originally considered. 
They suggested selection based on product of TDM and IVDDM 
to give a value of total digestible dry matter (TDDM). 
Fodder of synthetic varieties averaged higher in acid 
detergent fiber (ADF), acid detergent lignin (ADL) and cell 
wall content (CWC), and lower in ^  vitro digestible dry 
matter (IVDDM) than that of open-pollinated varieties. 
Assuming a representative sample, selection for grain yield 
and stalk strength may decrease fodder quality but not 
digestible dry matter yield. However, since they detected 
genetic variability for fodder quality, it seems feasible 
to develop hybrids that would be superior for silage quality 
to hybrids developed only for grain yield. 
Bowden et al. (1973) compared the nutritive value of 
silage from a tillering (Stewart's Multi-T) and a non-
tillering (Idahybrid 216) hybrid corn. They found that the 
tillering hybrid was later maturing, had less grain per 
volume of silage, and a higher digestible nutrient and protein 
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content than a nontillering hybrid. 
Colenbrander et al. (1973) studied the effects of 
brown-midrib mutant genes on the nutritional quality of corn. 
He concluded that the composition of the corn plant stover 
with brown-midrib mutant genes differed from normal corn 
for lower lignin content, which accounted for the differ­
ence observed in fiber content. The reduction in fiber 
content was greater with bm^. Lowered lignin content in bm^ 
mutants accounted for greater digestibility of cellulose 
and hemicellulose, which were measured ^  vitro and ^  vivo. 
Increased digestibility and rate of digestion of cellulose 
and hemicellulose of bm^ mutants seemingly contributed to 
greater daily dry matter intake. More energy was available 
to ruminants fed bm^ stover silage because of increased in­
take and increased fiber digestibility, resulting in superior 
weight gains and feed efficiency. 
Freyman et al. (1973) detected only minor differences 
in a trial involving one nontillering and four tillering 
hybrids grown for silage in two sites in southern Alberta. 
Andrieu and Demarquilly (1974a) determined the chemical 
composition, digestibility, and ingestibility of a male-
sterile corn, fresh and after ensiled, with a fertile early 
variety. The male sterile variety, (Sucrensilage) was 
higher in crude cellulose content, organic matter digesti­
bility, digested dry matter ingested, and dry matter yield. 
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The rumen juices of sheep fëd on Sucrensilage contained 
more acetic acid and less propionic acid than in sheep fed 
on normal corn. In Sucrensilage total digestible nitro­
genous matter was 4 to 10% higher than in the 20 normal 
corns. During ensilage, the total dry matter loss in 
Sucrensilage was 13.2% compared with 9.4% in normal corn. 
Bruetsch and Estes (1976) found significant variation 
among 12 commercial genotypes of corn of different relative 
maturities for dry matter yield and P, K, Ca, Mg, Fe, and 
Zn accumulation. Significant positive correlations were 
estimated between dry matter percent and leaf P, indicating 
that higher levels of P occurred in earlier hybrids. They 
also detected significant differences related to dry matter 
yield per gram of N, P, K, Ca, and Mg absorbed. The re­
lationship between P content and relative maturity was the 
most consistent. The efficiency of dry matter yield per 
gram of P absorbed was higher for the later hybrids. 
Dhillon et al. (1976) used a diallel set of 20 corn 
populations in four environments to evaluate the type of 
gene action involved in grain yield and relative maturity 
of maize. Analysis revealed the importance of overdominance 
and presence of complementary epistasis in the inheritance 
of grain yield, days to silk, and grain moisture. However, 
failure of assumptions was indicated by low regression 
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coefficient, negative variance components, and lack of 
agreement between graphic and variance component analyses. 
Eberhard (1977) studied the influence of high protein 
inbred lines on the yield of corn hybrids for grain and 
ensiling in a diallel series of crosses including 
flint and dent inbred lines. High yield was compatible with 
high protein concentration in either the vegetative tissue 
or the grain. 
Gonsalves and Rohweder (1977) , evaluated the effects of 
hybrid and date of harvest on corn silage quality as meas­
ured by feeding trials. They reported that pelleted material 
of the low lignin variety, BM105, and normal variety, JX113, 
contained less acid detergent fiber, acid detergent lignin, 
and neutral detergent fiber. BM105 and JX113 were more 
digestible and had greater preference than waxy WS135 and 
Mix Elm; Mix Elm was a variety that did not produce ears. 
Kradzhinov et al. (1978) evaluated brown-midrib genes 
(bm^ to bm^) in breeding corn for silage. Silage produced 
from the brown midrib hybrids and of the normal hybrids 
differed only in lignin content, which was considerably 
lower in the bm^ hybrid than in the normal hybrid. The 
lignin content was 0.7 to 1.8% lower and the cellulose 
content 1 to 2% lower for the brown mid-rib than for the 
green midrib. The greatest reduction in lignin and cellu­
lose content was observed in hybrids that include the bm^ 
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gene. The digestibility of dry matter was 5.3 to 5.8% 
higher in thé brown midrib hybrids. 
Pollmer et al. (19 78) studied the inheritance of pro­
tein and yield of grain and stover for corn. Their study 
included ten flint and nine dent inbred lines; four flint 
and four dent lines selected for high protein percentage in 
the grain and good general combining ability for agronomic 
traits; and the remaining lines were selected for only good 
general combining ability. The 90 flint x dent hybrid 
combinations were evaluated at two locations. Data were 
recorded on percentage of protein yield of grain and 
stover, grain and stover yield, percentage of dry matter 
in the ear, and 1,000-kernel weight. Additive genetic 
effects were of greatest importance for all traits. Sig­
nificant genotype x environment interaction involving 
general (GCA) and specific combining ability (SCA) effects 
also were detected for grain protein content. GCA/SCA 
ratios were higher for protein percent. No association 
was observed between percentage of protein in the grain and 
grain yield. Selection for high protein percent in the 
grain had, in some instances, a desirable correlated effect 
on protein yield of stover. DLl and FL3 were distinctly 
better combiners than the other inbred lines. 
Telyatnikov et al. (1978) reported on the nutritional 
^•.v,lue of corn silage that included the to gene. They com­
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pared hybrids that included bm^^ to bm^ genes and observed 
that silages produced with ^  contained 1.6 to 5.3% less 
cellulose and 1.77 to 2.52% less oil than silage pro­
duced from normal corn. Lignin content in the silage was 
12.10% in the ^  forms and 14.2% in normal corn. 
Everett (1979) reported results on a preliminary 
study of diverse types of corn hybrids grown for silage. 
They evaluated; 1) sweet dent; 2) northern teosinte x 
dent; 3) brown midrib (bm^); and 4) normal corn. They re­
corded data on yield, percentage of leaf, stem, and ear plus 
husk per plant, and percentage of acid-detergent fiber (ADF) 
and lignin in leaves and stems. The bm^ version of 20 
inbreds and their normal counterparts were classified for 
midrib color on a 0 to 5 scale; the normal counterparts 
graded 0 to 1. Data on percentage ADF and lignin and 
color-intensity classification were tabulated for 15 in­
breds and their bm^ versions. 
Klyuchko (1979) reported results evaluating brown mid­
rib hybrids for green masë. They observed 10 to 20% less 
lignin than normal corn in ^  mutants, but they did not 
observe significant differences between normal and ^  for 
protein and sugar content in the green matter. The effect 
of ^  genes on yield depended on the genotype of the 
lines used. The low lignin forms were more suceptible to 
lodging than normal corn at full grain ripeness, but not when 
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harvested for silage at milk-wax ripeness. 
Pollmer et al. (1979) evaluated the hybrid combinations 
of ten flint and nine dent inbred lines of corn and ten 
standard lines in two environments. Four of the flint and 
four of the dent inbreds were developed for high protein 
percent in the grain and good combining ability for 
agronomic traits. The materials were harvested at the be­
ginning of the grain filling period and at grain maturity. 
Data for stover, ear, and grain were collected to study N 
translocation from stover to ear during the grain filling 
period and N uptake, for two phases of plant growth: the 
pre-grain-filling period (phase 1) and the grain-filling 
period (phase 2). They found highly significant general 
combining ability (GCA) and specific combining ability (SCA) 
for total N uptake, N uptake both in pre-grain-filling period 
and the grain-filling period, and N translocation. Genotype 
X environment interactions involving SCA and SCA contributed 
significantly to the variation for these traits. A high 
rate of ear dry matter production and drying of the high 
protein hybrids was observed. The authors hypothesized that 
a higher percentage of protein and protein yield of mature 
grain may be due to an intensive N uptake, a prolongation 
of the N uptake phase, and a higher N translocation. They 
suggested that the relative importance of these factors may 
vary in different genotypes and environments. 
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Zakharova et al. (1979) reported results on low-lignin 
hybrids, carrying to bm^ genes of 36 lines of corn. 
They indicated that the ^  hybrids differed little from the 
normal lines in lignin content. Hybrids carrying bm^ 
contained 15% less lignin than their normal counterparts, 
which they outyielded by 5.5%. Silage made from low-
lignin corn exceeded that made from normal corn in dry 
matter digestibility by 5.7%. 
Skultety and Podolak (1980) reported results of four 
hybrids and a high lysine seed mixture for corn silage. The 
late hybrid, T05 00, had the highest dry-matter yield, while 
the ears represented the greatest percentage of silage 
mass (32.3%) for the early double hybrid, CE2 70. The mid-
late double-cross hybrid, LSP-Ms, exceeded the others at 
least 15% for the oil content of the dry matter. LSP-Ms 
also was superior for lactic acid content. 
Breeding Maize for 
Forage 
Naumov (1968) reported that combined plantings of hy­
brids, Bukovina 3TV and VIR42, were superior for silage pro­
duction. Odessa 10 depressed the yield of other components 
in mixed planting. The best ratio of early components to 
late was 1:2. In the mixture of VIR25 with Krasnodar 1/49 
the best ratio was 2:1. A mixture of Odessa 27M and VIR 42 
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was the best for an early harvest. 
Tkachenko (1971) reported heterotic effects for grain 
yield were more evident than for green-matter production in 
corn. He indicated that different types of hybrids were 
approximately equivalent in heterosis for grain yield, but 
heterosis of top crosses was superior to double and three-
way crosses for green-matter production. 
Goncharenko (1972) reported that general combining 
ability of sweet corn lines was better than that of dent 
and flint lines for forage yield. 
Dechev and Kostov (19 74) reported that late Kansas 
1859 and mid-early Wisconsin 641AA hybrids produced highest 
green fodder yields when seeds were used. If seeds 
have to be used, late F^ hybrids yielded more than early 
hybrids. 
Gallais and Pollaczek (1975) reported a study that 
included a large number of experimental hybrids that showed 
genetic variability of quality traits and dry matter yield 
at the optimum silage stage. They suggested that the varia­
tion of intake was much greater than digestibility. For 
explaining these variations they considered the quality of 
stover and the proportion of grain. They suggested also 
that the grain proportion was not correlated with total dry 
matter yield. The variability and correlations of forage 
traits indicated the possibility of selecting for quality 
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traits, such as digestibility and intake, by maintaining 
the same dry matter yield, or, select for dry matter yield, 
maintaining the same quality. They suggested also that it 
seemed feasible to attain progress selecting for both 
traits simultaneously. They indicated difficulties for 
improving protein content and keeping dry matter yield 
constant, or for improving dry matter yield and keeping 
protein content constant. They concluded that the objectives 
of selection of forage corn should include: total dry 
matter yield, feeding value, earliness of silage, double 
purpose varieties, and long-term programs for forage corn. 
Gunn (1975) presented a review on forage corn breeding, 
starting with a critical analysis of the assumption that the 
best hybrids for grain yield would be also the most suitable 
for forage production; 1) selection for maximum grain yield 
does not necessarily produce hybrids with maximum possible 
dry forage yield; 2) the importance of ear content per se 
as a determinant of forage feeding quality is not sub­
stantiated by the results of agronomic and animal feeding 
experiments with crops which have reached maximum dry 
weight; and 3) selection for stiff stalks, a desirable 
character in grain corn, is undesirable in a forage hybrid 
because it increases stem fiber content. The author con­
cluded that maximum improvement of corn for forage produc­
tion can be achieved only if hybrids are developed 
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specifically for that purpose and that official variety 
testing procedures should be modified to include forage 
trials. He suggested the following broad objectives for a 
forage corn breeding program: 1) improvement of dry forage 
yield; 2) lower moisture content in the forage at harvest; 
3) improved feeding quality; and 4) improved resistance to 
lodging. 
Hepting (1975) studied the suitability of sites for 
testing for yield and quality of silage corn. Nine sites 
were evaluated from 1968 to 1973 for their suitability for 
screening midearly and midlate silage corn for: 1) dry 
matter yield, and 2) the proportion of ear dry matter in the 
total dry matter. He found wide variation for five 
parameters estimated; a) the proportion of variance of 
superior genotypes in one evnrionment; b) the ability of the 
sites to differentiate between varieties; c) the variance of 
the deviation from the regression; d) the error variance; 
and e) the heritability estimates. The variation of the 
sites varied widely for the two characters, except with 
respect to parameter a, for which the rank correlation 
was r^ = 0.63. Multiple correlations of the five parameters 
with yield and dry matter content of the ears gave higher 
values in the midearly group for parameter b, R = 0.65 for 
parameter 1 and R = 0.39 for parameter 2. The simple 
correlation coefficients were generally negative and lower 
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for parameter 2 than for parameter 1. 
Wilkinson and Osbourn (1975) indicated that the nutri­
tive value of corn silage for ruminants was limited to the 
low content of crude protein in the plant in relation to 
the requirements of the ruminant animal. Nutritive value 
also was limited by the products of the fermentation process 
in the silo. The free-acid content of corn silage has been 
shown to limit its voluntary consumption by young cattle. 
Cell wall content and nonprotein nitrogenous content of 
corn also may limit the voluntary intake. The authors indi­
cated the following possible objectives in the breeding of 
forage corn for improved nutritive value; 1) an increase in 
the content of crude protein in the plant; 2) an increase 
in the nutritional quality of the plant protein; 3) a 
reduction in the amount of fermentation in the silo; 4) a 
reduction in the cell wall content of the plant; and 5) an 
increase in the digestibility of the cell wall fraction. 
The authors indicated the feasibility of attaining ob­
jective (3) by selecting early hybrids with a high propor­
tion of ear in the total plant dry matter. Reduced cell 
wall content, objective (4), may be achieved by increasing 
the ratio of grain to stover, or by increasing the ratio of 
leaf to stem. Increased leaf/stem ratio may be facilitated 
by the introduction of dwarfism. Enhanced digestibility of 
the cell wall fraction, objective (5), has been recorded for 
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the brown midrib mutant (bmy), which contains less lignin 
than the normal plant. The authors emphasized that research 
was needed to determine the extent to which dry matter 
content at harvest can be increased without detriment to 
total dry matter yield. Reductions in the cell wall and 
lignin fraction of the corn plant caused significant im­
provement in the nutritive value of forage maize. 
Hunter (1978) reviewed selection and evaluation pro­
cedures for whole-plant corn silage. He concluded that 
selection for high total dry matter yield per plant, dry 
matter content, and high grain yield plus high stover 
quality may be a more reliable means of improving forage 
corn than selection for only high grain yield. 
Gunn (1978) presented a review on corn and corn 
products as animal food and forage. He indicated as broad 
objectives of a forage corn breeding program as: 1) higher 
dry matter yield and dry matter content; 2) improved feeding 
quality; and 3) resistance to lodging. He indicated the 
advantages of erect leaves in the upper strata for attaining 
high leaf area indices and prolificacy for increasing dry 
matter yield. Selection of hybrids able to germinate at low 
temperatures to synchronize the maximum leaf area with the 
greatest solar radiation. He mentioned that dry matter content 
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may affect animal performance as well as seepage and respira­
tory losses in the silo. The controversial optimum dry 
matter content above 35% or below 25% was explained in terms 
of regional differences. Silo losses due to low dry matter 
content are mentioned as negligible above 25%. Discussing 
feeding quality he indicated the possibilities of improving 
corn forage quality with brown midrib genes and opaque-2 
gene. Brown midrib genes decreased lignin content; opaque-
2 gene increased the feeding value of grain protein and 
protein content of stover, and decreased cell wall content 
and acid-detergent fiber content. Gunn discusses allocation 
of resources to corn breeding programs, according to the 
importance of animal production. He indicated that separate 
development of forage corn varieties was justifiable only in 
regions where large areas of corn are grown specifically for 
forage. In regions where less intensive farming systems 
existed, a modification of existing grain breeding program 
to include yield and feeding quality of stover, without 
detriment to the grain crop, was suggested. 
Maggiore (1978) presented results of studies on yield 
related to the different uses of forage cereals. He dis­
cusses the results in regard to breeding possibilities, with 
special reference to silage production. 
The United Kingdom Plant Breeding Institute (Anony­
mous, 1979), reported that combinations of 54 Si lines 
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and their associated outcrosses to a single-cross tester 
indicated that selection for SI performance would be ef­
fective in improving dry forage yield, forage dry matter 
content, and lodging in the lines. It would also be effi­
cient for improving combining ability for dry matter content. 
A lax-leaved hybrid displayed slightly higher dry matter 
yield and forage dry matter contents. 
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MATERIALS AND METHODS 
Field experiments were located at Northeast Iowa Research 
Center, Nashua and were conducted in 1978, 1979, and 198 0 in 
different fields. In 1978 and 1980 the soil type was a 
Kenyon loam (Typic Hapludoll), whereas, the 1979 study was 
conducted on a Readlyn loam (Aquic Hapludoll). 
The field design was a split-plot and included four 
replications each year. Three different plant densities 
were established as the whole plots, and five different 
hybrids composed the split-plots. The experimental split-
plots included four rows, spaced 76cm between rows and 5.48m 
long. Two rows in each split-plot were used for estimating 
grain yield, and the other rows for determining harvest index. 
Fertilizer was applied according to probable needs for a 
good corn crop; 196-134-134 kg/ha of N, P^Og, and KgO were 
applied in 1978; 202-134-134 kg/ha of N, PgOg in 1979 and 1980. 
Phosphorus and potassium applications were made in the pre­
ceding fall. Nitrogen fertilization was applied as anhydrous 
ammonia side-dressing in 1978 and as urea applied preplant 
in 1979 and 1980. Experiments were planted on May 6, 1978, 
May 16, 19 79, and May 7, 1980. 
Three plant populations were established each year: 
50,423, 64,829, and 79,235 plants per hectare. Average 
observed plant populations for each hybrid, density, and year 
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are presented in Tables A2 to A4 (see Appendix). 
The hybrids included were open-pedigree hybrids, but 
they represented commercial hybrids currently grown in 
Iowa. They were chosen because they represent different 
maturity hybrids available to the farmers in northeastern 
Iowa. The hybrids, their pedigrees, and their relative 
maturities were as follows: 
Hybrid Pedigree Relative maturity 
1 A619Ht X A632Ht Early 
2 (H93 X H84) x Va26Ht Intermediate 
3 A632Ht X H99 Intermediate 
4 Mol7Ht X A634Ht Intermediate late 
5 B73Ht X Mol7Ht Late 
Hybrid 2 is a modified single cross, whereas, the others 
are single-cross hybrids. All hybrids were selected for 
their potential to produce high grain yield. 
Desired dates for index sampling were 30, 45, and 60 
days after 50 percent of the plants within each plot 
had visible silks. At each sampling date, five random 
plants were cut at the first internode above the ground 
for each sub-plot in the appropriate rows. Stems, leaves, 
and husks were immediately separated from the ears. The 
stover of the five plants was chopped with a mechanical 
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chopper in the field, green-weighed, and dried for 72 hours 
at 65°C. The ears without husks were green-weighed and 
dried also for 72 hours at 65°C. Stover and ears were 
weighed after drying; the ears were shelled and the dry grain 
weight determined. In 1978, only one date of harvesting 
was sampled. 
For the appropriate rows to determine grain yield, all 
plots were hand harvested in 1978 and machine harvested in 
1979 and 1980. Shelled grain weights were determined for 
each sub-plot, and moisture content of the grain was de­
termined at the time of harvest for each sub-plot in 1979 and 
1980. In 1978, moisture content was determined only for 
a combined sample of all replications of each sub-plot 
treatment. 
Data, therefore, were collected for the following 
traits for each hybrid and population density: 
XI - Green stover weight (kg), for three dates; 
X2 - Green ear weight (kg), for three harvest dates; 
X3 - Dry stover weight (kg), for three harvest dates; 
X4 - Dry ear weight (kg), for three harvest dates; 
X5 - Dry grain weight (kg), for three harvest dates; 
X6 - Grain yield at harvest maturity (kg); 
X7 - Grain moisture content at harvest maturity 
(percent); 
X8 - Days from planting to 50% silk (days); 
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X9 - Final stand in percent of the desired population; 
XIO - Green plant weight (kg), for three harvest dates; 
Xll - Dry plant weight (kg), for three harvest dates; 
X12 - Grain yield at harvest maturity, corrected to 
15.5% moisture (kg); and 
X14 - Harvest index (percent), for three harvest dates. 
All traits were analyzed as a split-plot design. The 
form of the analysis of variance is shown in Tables 1 and 2. 
Data were analyzed for each year and combined for the 3 years. 
Means for each trait each hybrid, population density, and 
harvest date were determined for additional analyses (Snedecor 
and Cochran, 1976; Steel and Torrie, 1960). 
Phenotypic and genotypic correlations between each pair 
of traits were estimated to evaluate the degree of relation­
ship between them. The correlations were used to determine 
how the different variables were related for grain yield, 
date of sampling, and harvest index. The primary variables 
were hybrids, population densities, harvest dates, and how 
they were related to the different traits measured. 
Simple linear regression was used to study the popula­
tion and sampling date effect; orthogonal contrasts were 
used in the comparisons among hybrids. 
Total monthly rainfall and average monthly tempera­
tures were obtained from Northeast Iowa Research Center and 
are included in the Appendix (Table Al). 
Table 1. Form of the analysis of variance and expected mean squares for each 
experiment conducted in one year 
Source d.f. M.S. Expected mean squares^ 
Replications 3 -
Populations (P) 2 MIO + 3% + 15aJ + 60Kp 
Error (a) 6 M9 + 
Hybrids (V) 4 M8 + 2®b + 364 
PV 8 M7 + IZKpV 
Error (b) 36 M6 
"c 
+ 
Sampling dates (S) 2 M5 + eoK^ 
PS 4 M4 + 20X^3 
VS 8 M3 + IZKvs 
PVS 16 M2 + 4KpVS 
Error (c) 90 Ml 
c 
TOTAL 179 
^All effects considered fixed except for replications. 
Table 2. Form of the analysis of variance and expected mean squares for 
experiments repeated over years 
Source d.f.^ M.S. Expected mean squares^ 
Years (Y) (y-1) - -
Replicat ion/year (r-l)y - -
Populations (P) (P-1) Ml 7 2 
"o 
4- 2 + 2 . vsa^ + 2 2 rvsa^p + ryvsKp 
YP (y-1)(p-1) Ml 6 + sal + 2 , vsa^ rvsa^p 
Error (a) (r-l)y(p-1) Ml 5 + + 2 vso 
Hybrids (V) (v-l) Ml 4 2 
^c 
+ + + rypsK^ 
YV (y-1)(v-l) Ml 3 + + rpsa^ 
PV (p-1)(v-l) Ml 2 + sol + ^ ®°YPV + rysKpv 
YPV (y-1)(p-1)(v-l) Mil 2 
^c 
+ 
2 
so^ + rsaYPV 
Error (b) (r-l)yp(v-l) MIO + 2 ®^b 
^y, r, p, V, and a refer to years, replications, plant populations, 
hybrids, and sampling dates, respectively. 
^All effects fixed except for years and replications. 
Table 2 (Continued) 
Source d.f M.S. Expected mean squares 
Sampling dates (S) (s-1) M9 2 
ac 
+ rPVcYS 
YS (y-1)(s-1) M8 + rpvc^g 
PS (p-1) (s-1) M7 2 
"c 
+ 
^^^YPS 
VS (v-1)(s-1) M6 + 
^P^YVS 
yps (y-1)(p-1)(s-1) M5 + 
^^^YPS 
YVS (y-1)(v-1)(s-1) M4 + 
^P^YVS 
PVS (p-1)(v-1)(s-1) M3 + 2 
^^YPVS 
YPVS (y-1)(p-1)(v-1)(s-1) M2 + 2 
^°YPVS 
Error (c) (v-l)yp(v-l)(s-1) Ml 
TOTAL yrpvs-1 -
+ rypvKç 
+ ryvK PS 
+ r 
+ ryK PVS 
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RESULTS 
Analyses of variance for each of the traits measured, 
including the orthogonal contrasts among the main treatments, 
are summarized in Tables 3 to 7. Table 3 summarizes the 
results of the analyses of variance for the 1978 data. Dry 
ear weight (X^) and dry grain weight (Xg) were not recorded, 
and grain moisture content of mature corn (X^) was not re­
corded adequately to be analyzed in 1978. The coefficients 
of variation (C.V.) indicated a good accuracy for the com­
parisons of the whole-plot treatments (4.1% to 16.2%). There 
was a greater range in the coefficients of variation for the 
split-plot comparisons. 
The experimental results in 1978 were similar for 
green stover weight (X^^) , green ear weight (X2) , dried 
stover weight (X^), green above-ground plant weight (X^q), 
dried above-ground plant weight (X^^^, and mature grain 
weight corrected to 15.5% moisture (X^2)• These traits were 
characterized by significant (P ^  0.01 or P ^  0.05) linear 
and quadratic effects among plant populations and signifi­
cant differences among hybrids for contrasts A and C 
[CONTA = 4V^ - (Vg + Vg + V4 + Vg)and CONTC = 2V^ - (V^ + V^)]. 
Mature grain weight (Xg), days to mid-silk (Xg), and per­
cent of desired stand at harvest (Xg) were significantly 
different (P < 0.01) among hybrids, but no significance was 
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Table 3. Summary of the levels of significance detected in the analysis 
of variance and coefficients of variation (C.V.) for six traits 
for experiment conducted in 1978 
ovuive 
^1 ^2 ^3 *6 *8 *9 ^10 ^11 ^12 *14 
Populations (P) *  *  * *  * *  N.S. N.S. N.S. * *  * *  * *  N.S. 
Linear * *  *  *  *  *  N.S. N.S. N.S. *  *  * * *  *  N.S. 
Quadratic * *  *  N.S. N.S. N.S. *  * *  * *  N.S. 
C.V. (a)* 13.4 9.7 10.6 13.0 4.1 12.7 9.7 16.2 16.2 5.0 
Hybrids (V) *  *  * * *  * *  * *  * *  * * *  *  * *  N.S. 
CONTA^ *  *  * *  * *  N.S. * *  * *  **  *  *  * *  *  
CONTB N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
CONTC * *  *  *  *  * *  * *  * *  *  *  *  *  N.S. 
CONTD N.S. N.S. N.S. **  * *  N.S. N.S. * *  * *  N.S. 
PxV N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
C.V. (b) % 23.7 18.6 17.0 8.3 1.6 8.4 18.7 9.8 9.8 4.0 
- green stover weight; - green ear weight; X^ - dried stover 
weight; X^ - dried ear weight; X^ - dried grain weight; X^ - mature grain 
weight; X - mature grain moisture content; X^ - days from planting to 
mid-silk; Xg - percentage desired stand; X^^ - above-ground green plant 
weight; X^^ - above-ground dried plot weight; X^^ " mature grain cor­
rected to 15.5% moisture and X.^^ - harvest index. 
^CONTA = 4V^-[V2+V2+V^+Vg]; CONTB = SV^-[V^+V^+V^]; CONTC = 
2V^-(V_^+Vg] ; CONTD = (V^-V^); for this and all subsequent tables. 
* 
Significant at the 5% level of probability. 
* *  
Significant at the 1% level of probability. 
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detected among plant populations. Only one significant con­
trast (P £ 0.05) among hybrids was detected for harvest 
index (X^^). No significant interactions between plant 
populations and hybrids were detected in 1978. 
The results in 1979 (Table 4), were similar for green 
stover weight (X^), green ear weight (Xg), dried stover 
weight (X^), dried ear weight (X^), dried grain weight (X^), 
dayj to mid-silk (Xg), green above-ground plant weight 
(X^q), dried above-ground plant weight (X^^) and harvest 
index (X^^ ; these traits were characterized by significant 
(P£0.01 or P <0.05) linear effects among plant populations, 
significant (F£0.01) effects among hybrids, and only linear 
significant (P^O.Ol) effects among sampling dctes except for 
green stover weight (X^) and dried stover weight (Xg), which 
also showed significant (P <0.01 or P < 0.05) quadratic effects. 
Mature grain weight (Xg) was significant (P^O.Ol) for hy­
brids but only quadratic effect was significant (Pf.0.05) 
among plant populations. Variation for grain moisture at 
harvest (X^) was similar to the results of all traits except 
stand (Xg) with regard to hybrids, but no significant ef­
fects were detected among plant populations. Stand at 
harvest (Xg) had significant (P£0.05) linear effects among 
plant populations, but the differences among hybrids were not 
significant. Interactions between plant populations and 
Table 4. Summary of the levels of significance detected in the analysis of variance and 
coefficients of variation (C.V.) for eight traits for the experiment conducted 
in 1979 
Traits^ OUuive 
^1 ^2 ^3 ^4 S =7 ^8 S =10 =11 =12 =14 
Populations (P) ** ** ** ** ** N.S. N.S. * * ** ** * * 
Linear ** ** ** ** ** N.S. N.S. * * ** ** N.S. * 
Quadratic N.S. N.S. N.S. N.S. N.S. * N.S. N.S. N.S. N.S. N.S. ** N.S. 
C.V. (a) % 18.5 18.3 14.7 19.0 25.9 10.7 5.9 1.9 4.3 15.6 13.4 8.8 17.0 
Hybrids (V) ** ** ** ** ** ** ** ** N.S. ** ** ** ** 
CONTA ** ** ** ** ** ** ** ** N.S. ** ** ** N.S. 
CONTB N.S. * ** ** ** N.S. ** ** N.S. N.S. N.S. N.S. ** 
CONTC N.S. ** N.S. N.S. N.S. ** ** N.S. ** ** N.S. ** 
- green stover weight; - green ear weight; X^ - dried stover weight; X^ - dried ear 
weight; X^ - dried grain weight; X^ - mature grain weight; X^ - mature grain moisture content; 
Xg - days from planting to mid-silk; Xg - percentage desired stand; X^^ - above-ground green 
plant weight; X^^ - above-ground dried plot weight; X^^"mature grain corrected to 15,5% 
moisture and X,, - harvest index. 14 
^CONTA = 4V-[V^+V^+V^+V^]; CONTB = [V^+V^+V^]; CONTC = 2V^-(V^+V^]; CONTD = (V^-V^). 
*Significant at the 5% level of probability. 
Significant at the 1% level of probability. 
Table 4 (Continued) 
Source 
X, X, X. X. X. 
Traits 
X_ X 8 *9 *10 *11 *12 *14 
CONTD 
PxV 
C.V.(b)% 
** N.S. ** * N.S. N.S. ** ** N.S. * N.S. ** ** 
N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. ** N.S. N.S. N.S. N.S. 
13.3 16.5 13,7 17.9 20.0 8.0 4.4 1.4 3.8 12.3 13.3 8.2 15.2 
SAMPLING DATES (S) ** ** ** ** ** 
LINEAR ** ** ** ** ** 
QUADRATIC * N.S. ** N.S. N.S. 
PxS ** N.S. N.S. N.S. N.S. 
VxS ** N.S. ** N.S. N.S. 
PxVxS N.S. N.S. N.S. N.S. N.S. 
C.V.(c)% 12.0 18.3 11.4 22.1 22.1 
* *  * * 
* * * * 
N.S. N.S. 
* N.S. 
* N.S. 
N.S. N.S. 
12.7 14.3 
* *  
* *  
N.S. 
N.S. 
N.S. 
N.S. 
12.1 
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hybrids were not significant except for stand (X^). Plant 
population X sampling date interactions were significant 
for green stover weight (X^) and green above-ground plant 
weight (X^g); hybrids X sampling date interactions were sig­
nificant for green stover weight (X^), dried stover weight 
(Xg), and green above-ground plant weight (X^^g) ; the second 
order interactions were not significant for any trait. 
The coefficients of variation indicated high to acceptable 
levels of precision for most traits. 
The data collected in 1980 (Table 5), for green stover 
weight (X^), green ear weight (X^), dried stover weight (X^), 
dried ear weight (X^), dried grain weight (X^), days to mid-
silk (Xg), green above-ground plant weight (X^g), dried 
above-ground plant weight (X^^^) , and harvest index (X^^g) were 
similar with respect to plant population effects: signifi­
cant (P£0.01) linear response was detected among plant 
populations and also significant quadratic response was 
shown by green ear weight (X^), dried ear weight (X^), dried 
grain weight (X^) , and dried above-ground plant weight • 
Mature grain weight ( X g ) ,  grain moisture ( X ^ J  , stand at 
harvest (Xg), and mature grain weight corrected to 15.5% 
moisture (X^g) were not significant among plant populations. 
Green stover weight (X^), green ear weight (X^), dried 
stover weight (X )^, mature grain weight (Xg), mature grain 
Table 5. Summary of the levels of significance detected on the analysis of variance and 
coefficients of variation (C.V.) for eight traits for the experiment conducted in 
1980 
Source Traits^ 
^1 ^2 ^3 ^4 S \ ^7 ^8 S • ^10 ^11 ^12 ^14 
Populations (P) ** ** ** ** ** N.S. N.S. ** N.S. ** ** N.S. ** 
Linear ** ** ** ** ** N.S. N.S. ** N.S. ** ** N.S. ** 
Quadratic N.S. ** N.S. ** ** N.S. N.S. N.S. N.S. N.S. ** N.S. N.S. 
C.V.(a)% 14.4 12.0 17.4 14.0 14.6 12.5 4.9 2.1 2.4 12.9 13.9 12.1 11.5 
Hybrids (V) ** * ** N.S. N.S. * ** ** N.S. ** ** ** ** 
CONTA^ ** * ** N.S. N.S. ** * ** N.S. ** ** ** ** 
CONTB N.S. N.S. ** N.S. N.S. N.S. ** ** N.S. N.S. N.S. N.S. ** 
CONTC ^ * ** N.S. N.S. N.S. ** ** N.S. ** ** N.S. N.S. 
- green stover weight; - green ear weight; X^ - dried stover weight; - dried ear 
weight; X^ - dried grain weight; X^ - mature grain weight; X^ - mature grain moisture content; 
Xg - days from planting to mid-silk; Xg - percentage desired stand; X^q - above-ground green 
plant weight; X^^ - above-ground dried plot weight; X^^ - mature grain corrected to 15.5% 
moisture and X^^ - harvest index. 
bcONTA = 4V-[V^4-V^+V^+V^]; CONTB = [V^+V^+V^]; CONTC = 2V^-(V^+V^]; CONTD = (V^-V^). 
*Significant at the 5% level of probability. 
Significant at the 1% level of probability. 
Table 5 (Continued) 
Source 
X, X, 
Traits 
X. X, X 8 ^10 ^11 ^12 ^14 
CONTD 
PxV 
C.V.(b)% 
** N.S. ** N.S. N.S. N.S. ** ** N.S. ** * * N.S. 
N.S. N.S. * N.S. N.S. N.S. N.S. ** N.S. N.S. N.S. N.S. N.S. 
14.8 21.6 12.7 25.3 27.3 11.8 6,8 1.3 1.4 14.8 16.3 11.9 15.1 
SAMPLING DATE (S) ** ** * * * * 
LINEAR 
QUADRATIC 
PxS 
VxS 
PxVxS 
C.V.(c)% 
* *  ** N.S. ** ** 
**  **  **  **  **  
N.S. N.S. N.S. N.S. * 
** N.S. N.S. N.S. N.S. 
N.S. N.S. N.S. N.S. N.S. 
12.3 18.9 13.4 20.6 21.3 
* * * * 
** ** 
** ** 
N.S. N.S- - N.S. 
** N.S. - N.S. 
N.S. N.S. - N.S. 
12.7 13.8 - 12.4 
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moisture content (X^), days to mid-silk ( X g ), green above-
ground plant weight (X^g), dried above-ground plant weight 
mature grain weight (X^g^ harvest index (X^^) 
were significantly different among hybrids, but dried ear 
weight (X^), dried grain weight (X^), and stand at harvest 
(Xg) did not differ among hybrids. Interactions between 
plant populations and hybrids were significant only for 
dried stover weight (X^) and days to mid-silk (Xg). Green 
stover weight (X^), green ear weight (Xg), dried stover 
weight (X^), dried stover weight (X^), dried grain weight 
(Xg), green above-ground plant weight (X^q), dried above-
ground plant weight (X^^^) , and harvest index (X^^^) had simi­
lar patterns of significance among sampling dates, and except 
for green ear weight (X^) all had significant linear and 
quadratic effects. Plant populations X sampling dates were 
significant only for dried grain weight (X^) and hybrids X 
sampling dates were significant only for green stover (X^) 
and green above-ground plant weight (X^g). The second 
order interaction was not significant for any trait. The 
coefficients of variation indicated good to acceptable 
levels of precision for all traits. 
Results of combined analyses of variance for the experi­
ments conducted in 1978, 1979, and 1980 are summarized in 
Tables 6 and 7. For mature grain weight (Xg), grain moisture 
Table 6. Summary of the levels of significance detected in the combined analyses of variance and 
coefficients of variation (C.V.) for eight traits for experiments conducted in 1979 
and 1980 
Source Traits^ 
Xi Xg ^5 ^10 ^11 ^14 
Populations (P) ** * ** * n.s.^ ** * n.s, 
Linear ** * * * * *  *  * *  * *  n . s .  
Quadratic n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 
Years x P n.s. n.s. n.s. ** ** n.s. n.s. * 
C.V. % 17.0 15.5 16.2 16.5 20.5 14.5 13.7 14.4 
Hybrids (V) * * ** ^.S. N.S. * ** N.S. 
CONTA^ * * ** N.S. N.S. * ** N.S. 
CONTB N.S. N.S. ** N.S. N.S. N.S. N.S. * 
CONTC * N.S. ** N.S. N.S. ** ** N.S. 
- green stover weight; X^ - green ear weight; X^ - dried stover weight; X^ - dried ear 
weight; X^ - dried grain weight; X^^ - above-ground green plant weight; X^^ - above-ground 
dried plot weight; X^^ - harvest index. 
^Not significant. 
^CONTA = 4v-[vg+v^+v^+v^]; CONTB = sv^-[v^+v^+v^]; CONTC = ^V^"(^4'^^5^' CONTD = (v^-v^). 
*Significant at the 5% level of probability. 
**Significant at the 1% level of probability. 
Table 5 (Continued) 
Source Traitsa 
*1 *2 *3 *4 *5 *10 *11 *14 
CONTD N.S. N.S. N.S. N.S. N.S. N.S. * N.S. 
Years X V ** N.S. N.S. N.S. * * N.S. ** 
PxV * N.S. ** N.S. N.S. * N.S. N.S. 
Years x P x V N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
C.V. (b)% 14.0 19.2 13.2 22.2 24.3 13.5 15.0 15.2 
Sampling dates (S) N.S. N.S. N.S. N.S. N.S. N.S. N.S. * 
Linear * N.S. N.S. * * N.S. N.S. * 
Quadratic N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
Years x S ** ** ** ** ** ** ** ** 
PxS * N.S. N.S. N.S. N.S. * N.S. N.S. 
VxS N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
Years x P x S N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
Years x V x S ** N.S. * N.S. N.S. ** N.S. N.S. 
PxVxS N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
Years xP x V x S N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
C.V.(c)% 12.1 18.6 12.4 21.3 21.7 12.7 14.0 12.3 
Table 7. Summary of the levels of significance detected in the combined analyses of variance 
and coefficients of variation (C.V.) for five traits for experiments conducted in 
1978, 1979, and 1981 
Source Traits^ 
""s ""g :'i2 
Populations (P) * N.S. ** N.S. N.S. 
Linear N.S. N.S. ** N.S. N.S. 
Quadratic ** N.S. N.S. N.S. * 
Years x P N.S. N.S. N.S. N.S. N.S. 
C.V.(a)% 18.0 8.1 3.7 7.8 16.5 
Hybrids (V) * ** ** N.S. ** 
CONTA^ ** ** ** N.S. ** 
CONTB N.S. ** N.S. N.S. N.S. 
CONTC N.S. ** ** N.S. N.S. 
- mature grain weight; - mature grain moisture content; Xg - days from planting to mid_ 
silk; Xg - percentage desired stand; X^^ ~ mature grain corrected to 15.5% moisutre. 
^Not significant. 
c 
I 
*  
* *  
CONTA = 4^^-[V^+V^+V^+V^] ; CONTB = SV^" [V^+V^+V^] ; CONTC = ; CONTD = (V^-V^) . 
Significant at the 5% level of probability. 
Significant at the 1% level of probability. 
Table 7 (Continued) 
Source Traits^ 
*6 *7 *8 *9 *12 
CONTD * ** * N.S. ** 
Years x V N.S. ** ** ** N.S. 
PxV N.S. N.S. * N.S. N.S. 
Years x P x V N.S. N.S. N.S. ** N.S. 
C.V.(b)% 14.9 7.9 2.1 5.6 15.0 
kO (ji 
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content ( X ^ ), days to mid-silk ( X g ), stand at harvest ( X g ) ,  
and mature grain weight corrected to 15.5% moisture (X^g)' 
the analyses of variance were performed with the three-
year data (Table 7). Analyses of variance for green stover 
weight (X^), green ear weight (Xg), dried stover weight 
( X g ) ,  dried ear weight ( X ^ ) ,  dried grain weight ( X g ) ,  
green above-ground plant weight (X^g), dried above-ground 
plant weight, and harvest index (X^^) were determined from 
data collected in only 1979 and 1980 (Table 6). Among the 
plant populations, the results were similar for green stover 
weight (X^), green ear weight (Xg), dried stover weight (X^), 
days to mid-silk (Xg) , green above-ground plant weight (X^^g) , 
and dried above-ground plant weight (X^^), with significant 
linear effects and nonsignificant year X plant population 
interactions. Dried ear weight (X^), dried grain weight 
(Xg), and harvest index (X^^) had significant year X plant 
population interaction; significant quadratic effects were 
detected for mature grain weight (Xg) and mature grain cor­
rected to 15.5% moisture (X^g)- Grain moisture (X^) and 
stand at harvest (Xg) did not have significant effects among 
plant populations. Among hybrids dried ear weight (X^), 
dried grain weight ( X ^ ), and stand at harvest ( X g )  were not 
significant and the other variables had a similar pattern. 
Year X hybrid interactions were significant for green stover 
weight (X^), dried grain weight (Xg), mature grain moisture 
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content (X^), days to mid-silk ( X g ), stand at harvest (Xg), 
green above-ground plant weight (X^q), and harvest index 
(X^^); plant populations X hybrids were significant 
for green stover weight (X^), dried stover weight (X^), 
days to mid-silk ( X g ), and green above-ground plant weight 
( X ^ g ), the second-order interactions of years X  populations X  
hybrids were not significant except for stand at harvest ( X g ) .  
The results of the combined analyses for sampling dates indi­
cated significance for year X sampling date interactions for 
all traits; the linear effects were significant for green 
stover weight (X^), dried ear weight (X^), dried grain 
weight ( X ^ ) ,  and harvest index ( X ^ ^ ) .  Plant populations X  
sampling dates were significant for green stover weight 
( X ^ )  and green above-ground plant weight ( X ^ g ); years X  
hybrids X sampling dates were significant for green stover 
weight (X^), dried stover weight (X^), and green above-
ground plant weight (X^g). Except for green ear weight (Xg), 
dried ear weight (X )^, and stand at harvest (Xg) all of the 
significant interactions were of the magnitudinal type. 
The coefficients of variation in the combined analyses sug­
gested the experimental techniques were relatively precise. 
Estimates of phenotypic and genotypic correlations be­
tween traits across hybrids for 1979 and 1980 are shown in 
Table 8. The significance of the phenotypic correlations 
also are indicated in Table 8. 
Table 8. Phenotypic and genotypic { ) correlations between traits across hybrids for the combined 
analyses of 1979 and 1980 
?Yaits 
^2 ^ ^4 s \ s ^8 ^9 ^10 ^11 ^12 ^14 
X 0.714** 0.931** 0.443** 0.364** 0.407** 0.818** 0.962** -0.911** 0.993** 0.980** 0.705**-0.576** 
(0.887) (0.959) (0.773) (0.613) (0.401) (0.857) (1.022) (-0.978) (0.997) (1.072) (0.703)(-0.646) 
X 0.432** 0.923** 0.887** 0.644** 0.192 0.658** -0.492** 0.793** 0.737** 0.632** 0.149 
(0.500) (1.008) (0.985) (0.727) (0.319) (0.758) (-0.710) (0.920) (0.738) (0.781) (0.010) 
X 0.1421 0.050 0.226* 0.949** 0.947** -0.962** 0.884** 0.921 0.605 -0.802** 
(0.265) (0.007) (0.215) (0,968) (0.981) (-1.020) (0.898) (0.958) (0.597)(-0.887) 
X 0.994** 0.775**-0.101 0.440** -0.193 0.544** 0.516** 0.611** 0.472** 
(1.016) (1.169) (0.072) (0.590) (-0.635) (0.724) (0.529) (1.051) (0.269) 
X 0.792**-0.176 0.355** -0.088 0.469** 0.434** 0.592** 0.549** 
(1.187) (-0.050) (0.416) (-0.501) (0.685) (0.416) (1.005) (0.358) 
X 0.140 0.479** -0.106 0.465** 0.500** 0.901** 0.296** 
(0.133) (0.523) (-0.054) (0.462) (0.535) (0.898) (0.404) 
^X^ - green ear weight; X^ - dried stover weight; X^ - dried ear weight; X^ - dried grain weight; 
Xg - mature grain weight; X^ - mature grain moisture content; X^ - days from planting to mid-silk; 
Xg - percentage desired stand; X^^ - above-ground green plant weight; X^^ - above-ground dried plot 
weight; X^^ ~ mature grain corrected to 15.5% moisture and - harvest index. 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
Table 8 (Continued) 
^ ^ Traits 
^2 ^3 ^4 ^5 ^6 S ^8 ^9 " ^10 ^10 ^12 
X 0.826** -0,846** 0.745** 0.782** 0,555** -0.901** 
(0.864) (-0.870) (0.781) (0.873) (0.537) (-0.953) 
X -0.922** 0.950** 0.992** 0.763** -0.569** 
(-1.090) (0,994) (1.038) (0.804) (-0.729) 
X -0.877** -0,908** -0.458** 0.744** 
(-0.947) (-1.086) (-0.418) (0.706) 
X 0.797** 0.722** -0.475** 
(1.034) (0.727) (-0.548) 
VD 
X,, 0.764** -0.508** ^ 
(0.836) (-0.697) 11 
X -0.145 
(-0.061) 
^14 
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Means of the main effects estimated over two years (for 
X^, X^, X^, X^, Xg, X^Q, X^^, and X^^) or three years (for 
Xg^ X^, Xg, Xg and X^2^ and the results of the F-tests for 
the contrasts among plant populations, hybrids, and sampling 
dates are listed in Table 9. Green stover weight (X^), green 
ear weight (X^), dried stover (X^), days to mid-silk (Xg), 
green above-ground plant weight (X^q), and dried above-
ground plant weight (X^^) had similar responses among plant 
populations; only linear effects were significant and the 
highest population had the largest value. Dried ear weight 
(X^) and dried grain weight (Xg) also showed only signifi­
cant linear effects, but they were in the reverse direction. 
Mature grain weight (X^) and mature grain corrected to 
15.5% moisture had significant quadratic effects because 
the intermediate plant population had the highest value. 
Grain moisture (X^), percent of desired stand at harvest 
(Xg), and harvest index (X^^) were not significantly dif­
ferent among plant populations. 
Only dried ear weight (X^) and dried grain weight (Xg) 
did not have significant responses among hybrids, but dif­
ferent traits varied in the significant contrasts and their 
direction. Hybrid 1 was significantly lower than the 
average of the other hybrids for green stover weight (X^), 
green ear weight (Xg), dried stover weight (X^), mature grain 
I 
Table 9. Means and significance of their contracts in the combined 
analysis of variance for the different traits in the experi­
ments conducted in 1978, 1979, and 1980; dry matter content 
of whole plant and plant parts and proportion of parts esti­
mated as averages of these experiments in the three years 
Main^ Traits^ 
effects X^ 
*2 *3 *4 *5 *6 X7 
36.372 14.749 8.22 7.617 6.315 10.029 22.88 
^2 
40.033 15.372 9.126 7.768 6.409 10.470 23.33 
P3 42.567 15.531 9.921 7.581 6.236 9.789 23.44 
5.578** 3.111** 1.187** 1.765** 1.525** n.s. n.s. 
P q 
n.s. -0.226* n.s. n.s. n.s. - -
^1 35.260 14.347 8.265 7.264 
5.980 9.424 22.04 
^2 
43.006 15.125 10.451 7.615 6.178 9.963 25.22 
^3 35.888 15.423 8.108 8.222 6.830 10.487 21.17 
^4 41.611 16.552 9.137 8.445 6.932 9.871 
21.98 
^5 46.718 16.591 10.353 
8.330 6.865 10.726 25.38 
^1 
47.081 14.948 10.001 6.096 4.626 - -
^2 39.951 15.097 9.114 
7.493 6.243 — -
S3 34.458 16.778 8.673 10.141 8.802 - -
7.741** -0.967** 0.795** -2.096** -2.164** 0.200** n.s. 
Sg n.s. -0.270* n.s. n.s. -0.163* - -
MEAN 40.497 15.608 9.268 7.904 6,554 10.094 23.22 
^P, V, and S refer to populations, hybrids, and sampling dates, 
respectively. 
- green stover weight; - green ear weight; X^ ~ dried stover 
weight; X^ - dried ear weight; X^ - dried grain weight; X^ - mature grain 
weight; X^ - mature grain moisture content; Xg - days from planting to 
mid-silk; X^ - percentage desired stand; X^q - above-ground green plant 
weight; X^^^ - above-ground dried plot weight; X^^ - mature grain corrected 
to 15.5% moisture, and X^^ - harvest index. 
P2- linear estimate of plant population parameter; P - quadratic 
estimate of plant population parameter; - linear estimate of harvest 
date parameter, and - quadratic estimate of harvest date parameter. 
* Significant at the 5% level of probability. 
* *  
Significant at the 1% level of probability. 
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*8 *9 *10 *11 *12 *14 
77.09 47,720 51.121 15.840 10.021 39.75 
78.18 61,082 55.405 16.900 11.597 37.02 
79.17 72,786 57.919 17.502 10.853 34.52 
-1.05** 1429** 8.689** 3.208** n.s. 0.02* 
n.s. 478** n.s. n.s. 0.241** n.s. 
75.39 61,731 49.607 15.472 10.252 36.77 
79,62 60,071 88.131 18.004 11.345 33.16 
76.89 61,355 51.311 16.263 11.273 41.11 
78.42 59,986 58.164 17.511 10.733 38.91 
80,42 60,200 63.309 18.615 12.197 35.54 
-
- 62.029 16.098 - 28.04 
- - 55.048 16.607 - 36.80 
-
- 51.235 18.814 - 46.46 
1.69** - 6.774** -1.975** - 0.05** 
0.92** - n.s. -0.482** - 0.01* 
78.15 60,661 56.105 17.172 11.165 37.10 
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Table 9 (Continued) 
Main Proportions 
effects Xll/XlO X4/X2 X3/X1I X4/X11 
30.99 22.60 51.64 51.91 48.09 
^2 30.50 22.80 50.53 54.00 46.00 
^3 30.22 23.31 49.38 56.68 43.32 
0.02* - - - -
n.s. - - - -
^1 31.19 23.44 50.63 53.42 46.98 
^2 30.97 24.30 50.35 58.05 46.95 
^3 31.69 22.59 53.31 49.86 50.56 
^4 30.11 21.96 51.02 52.18 47.82 
^5 29.40 22.16 50.21 55.62 44.38 
®1 25.95 21.24 40.78 62.13 37.87 
^2 30.17 22.81 49.63 54.88 45.12 
^3 36.72 25.17 60.44 46.10 53.90 
0.05** 
- -
- -
Sq 0.01* - - - -
MEAN 30.61 22.89 50.64 53.97 46.03 
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weight (Xg), grain moisture (X^) ,• days to mid-silk (Xg), 
green above-ground plant weight (X^g), dried above-ground 
plant weight (X^^), and mature grain weight corrected to 
15.5% moisture (X^g); hybrid 1 was not significantly greater 
than the average of other hybrids for any trait. Hybrid 2 
was significantly lower than the average of hybrid 3, 
hybrid 4, and hybrid 5 (contrast B) only for harvest index 
(X^^); hybrid 2 exceeded the average of the same hybrids 
for dried stover weight (X^) but did not differ from them for 
the other traits. Hybrid 3 was significantly lower than the 
average of hybrids 4 and 5 for green stover weight (X^), 
dried stover weight (X^), mature grain moisture content (X^), 
days to mid-silk (Xg), green above-ground plant weight (X^g), 
and dried above-ground plant weight (X^^). Hybrid 4 was 
significantly lower than hybrid 5 for mature grain weight 
(Xg), grain moisture (X^), days to mid-silk (Xg), dried above-
ground plant weight (X^^); hybrid 4 was not significantly 
higher than hybrid 5 for any trait. 
Significant linear effects detected among sampling 
dates for dried ear weight (X^), dried grain weight (Xg), 
and harvest index indicated increasing values from the first 
to the last date; for green stover weight (X^) the order 
was reversed, and for the other traits no significant dif­
ference was detected. 
105 
Dry matter content of the whole plant as estimated by 
(Xii/Xiq) 100 showed a small range of variation among hy­
brids and plant populations (31.69 to 29.4% and 30.99 to 
30.22%, respectively); a slightly greater range among 
sampling dates (25.95 to 36.72%) was observed. Harvest 
index (X^^) also had relatively small range of variation 
among plant populations (39.8 to 34.5%) and among hybrids 
(33.2 to 41.1%). The variation for harvest index, however, 
was larger among sampling dates (28.0 to 46.5%). Dry matter 
content of stover and ears and the proportion of stover 
(Xg/X^^) and ears (X^/X^^) in the whole plant dry matter had 
variation among plant populations, hybrids, and sampling 
dates similar to that for harvest index. 
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DISCUSSION AND CONCLUSIONS 
Three main factors have been considered important in 
choosing corn cultivars for forage production; dry matter 
yield, dry matter content of whole plants, and feeding 
value. Dry matter yield and dry matter content of whole 
plants were considered in my study for a selected group of 
hybrids within a range of relative maturity. Significant 
differences among plant populations and hybrids were observed 
for dry matter yield; this indicated genetic and physio­
logical differences among hybrids or physiological differences 
among plant populations. An increase in plant populations 
from 54,000 to 79,000 plants per hectare increased the dry 
matter yield of plants about 10% when averaged over hybrids, 
harvest dates, and years. The variation observed among 
hybrids averaged over years, populations, and harvest dates 
suggested the possibility of increasing dry matter yield 
16.4% to 20.3% in relation to the smallest value or 8% in 
relation to the average. No significant effect of harvest 
dates was observed for dry matter yield in the combined 
analysis. The significant interaction of years X harvest 
dates was only magnitudinal, and the other interactions were 
not significant. These results were in good agreement with 
most of the other reported studies (Rutger and Crowder, 
1967a and 1967b; Bryant and Blaser, 1968; Thomson and Rogers, 
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1968; Secor, 1969; Hubner, 1972; King et al., 1972; Center 
and Camper, 1973; Zscheisler et al., 1974; Phipps, 1975; 
Iremiren and Milbourn, 1978; Hoeffliger, 1980). 
Dry matter content of higher plant populations or 
later maturity hybrids usually showed lower values, which 
also agrees with most of the previously reported studies 
(Anderson and Musgrave, 1960; Bryant and Blaser, 1968; 
Thomson and Rogers, 1968; Secor, 1969; Cummins and Dobson, 
1973; Center and Camper, 1973; Leask and Daynard, 1973; 
Zscheisler et al., 1974; Bonciarelli and Monotti, 1975; 
Fakorede, 19 75; Phipps, 1975; Perry and Compton, 1977; 
Hoeffliger, 1980). Other studies, however, reported smaller 
variation or nonsignificant effects for dry matter content 
of whole plant of corn having varying maturity hybrids at 
different plant populations (Hemken et al., 1971; Allen 
et al., 1974; White, 1976; Iremiren and Milbourn, 1978). 
These differences in results may be related to the level of 
tolerance of the hybrids to higher plant populations included 
in each study and the range of plant populations used. 
Tolerant hybrids were characterized by good standability and 
relatively higher number of filled ears per 100 plants for the 
range of plant populations included. Most of the corn hy­
brids selected for grain yield in the U.S. Corn Belt produced 
good grain yields at 50,000 plants per hectare; some of the 
hybrids were tolerant at 70,000 or 80,000 plants per hectare. 
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as indicated by the smaller percentage of barren plants. 
Intolerant hybrids, however, would change drastically their 
grain yield at plant populations higher than 50,000 with a 
higher proportion of barren plants or higher frequency of 
lodging. Most of the difference between tolerant and in­
tolerant hybrids was in the partition of photosynthates; 
the tolerant hybrids were able to continue translocating 
photosynthate to the ears at higher plant populations. 
The significant phenotypic correlation between dry above-
ground plant weight (X^^) and mature grain (X^g) and the 
nonsignificant correlation between dry stover weight (X^) 
and dry grain (X^) suggested that most of the dry matter comes 
from the stover for the intermediate plant population level 
(Tables 8 and 9). 
If the selection of hybrids for silage was based only 
on grain yield, hybrid 5 (B73Ht X Moll7Ht) would be probably 
preferred, but it was not significantly better than hybrid 
2 [ (H93 X H84) X Va 26Ht] for grain yield (X^2) or dry matter 
yield (X^^). Although hybrid 5 had a lower dry matter content, 
the value was within the indicated range for good silage 
ranging from 25 to 35% (Matsushima, 1971) . Hoeffliger (1980) 
found hybrid 5 the highest yielding for ^  vitro dry matter 
disappearance. Similar comparisons with the other hybrids 
indicated that the correlations between grain yield and 
forage yield and quality were significant but not sufficiently 
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high to permit efficient selection of forage corn by corre­
lated response. 
Harvest index (X^^) has been suggested as an estimate 
of plant efficiency (Donald, 1962) and recently as an indi­
cation of the partition of photosynthates (DeLoughery and 
Crookston, 1979). Harvest index, however, was not 
significantly different among plant populations in the 
combined analysis and only one contrast was significant among 
the hybrids, which suggested that hybrid 2 [(H93 X H84) X 
Va26Ht] partitioned less photosynthate to the grain than the 
later maturing hybrids. Significant linear effects among 
harvest dates were detected for harvest index indicating 
the average of the hybrids at average plant population levels 
partitioned more photosynthate to the grain from the earliest 
to the latest harvest dates (from 30 to 60 days after mid-
silk). The interactions of years X plant populations, 
years X hybrids, and years X harvest dates, although sig­
nificant were magnitudinal. The variation among hybrids 
for the harvest index was not sufficiently large to be 
used as a selection criteria. Differences among 
hybrids for harvest index were not as great as the variation 
for dried stover weight (X^) or dried plant weight (X^^). 
The variation observed for harvest index was similar to that 
reported by DeLoughery and Crookston (1979) for nonstress 
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environments. The data suggested that the harvest index 
may be used as an auxiliary variable but not as a substitute 
for dried stover and dried grain; both components were sig­
nificantly correlated with dried stover and dried grain 
(Smith, 1936). 
Breeding corn for forage yield could be done with 
different objectives. In important beef or dairy cattle 
areas, the improvement of corn for forage production would 
have priority over corn for grain production and would 
require breeding methods specially adapted for that purpose. 
Relatively late maturing composites could be %sed for selec­
tion of three important criteria: high dry matter content 
of stover, greater prolificacy, and higher ^  vitro di­
gestible dry matter; selection and evaluation would be con­
ducted at higher plant populations (e.g., 80,000 to 100,000 
plants per hectare). Without the introduction of special 
genes such as brown midrib (bm^, bm^, bm^, or bm^) or opaque-
2 it would be difficult to improve the nutritive value of 
forage corn because of the small variation in crude protein 
and the inconvenience of selecting for lower lignin and fiber 
contenu in the stem; these genes or multitillering factors, 
however, have some undesirable characteristics for which 
there is no reasonable solution at the present time. 
Around metropolitan areas where dairy and beef cattle 
are usually grown with corn and other crops, it would be 
Ill 
desirable to develop corn breeding programs to include double 
purpose crops. Selection of varieties or hybrids for pro­
lificacy at intermediate plant population levels (30,000 to 
50,000 plants per hectare) and intermediate relative 
maturity would be desirable. Special genetic factors 
(e.g., multi-tillering, brown midrib, or opaque-2) would 
have some potential for specific corn varieties, but they 
would not be convenient for mixed agriculture because they 
would restrict the alternative of harvesting the crop for 
grain. They would, however, enhance forage quality 
(Muller and Colenbrander, 1969; Muller et al., 1972, Bowden 
1973; and Klyuchko, 1979). 
The conclusions of my research are as follows: 
1. Relatively later maturing hybrids were able to at­
tain reasonable standards of dry matter content (25 to 
35%), crude protein (7 to 10%), and yield of ^  vitro dry 
matter disappearance (12 to 15kg/ha). Later maturing 
hybrids could be used satisfactorily for forage production, 
and the hybrids probably would be a better choice for forage 
corn production in shorter season areas. 
2. Harvesting schedule should be planned for silage 
production to approximate maximum dry matter yield of 
chosen cultivars, within reasonable standards of dry matter 
content, crude protein and digestible dry matter. 
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3. Plant populations studied did not suggest a plateau 
for most of the traits, indicating that it probably would be 
possible to further increase dry matter yields of these 
hybrids by higher plant populations; decreases in dry 
matter content of whole plant probably would occur at 
higher plant populations, but not necessarily dry matter 
digestibility. 
4. Although dry matter yield of the whole plant 
was significantly correlated with grain yield, the proportion 
of stover in higher plant population levels may give better 
opportunities of selection of corn for forage than selection 
for only grain yield. 
5. Harvest index may be used as an auxiliary trait, indi­
cative of partition of photosynthate in different phases of 
development of corn plant or different hybrids. The harvest 
index, however, was not a good substitute for dry matter 
yield of grain and stover, which were the major components. 
6. Further research on qualitative genes and special 
characteristics for improving feeding value of the corn 
plant are necessary to provide different alternatives to 
forage corn breeding. Some of the undesirable pleiotropic 
effects that usually accompany use of qualitative genes 
must be resolved before they can be effectively used in 
forage corn breeding. 
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7. Further research is needed on quantitative traits of 
forage yield and quality, heritabilities, genetic variances, 
and covariances among forage traits, and interactions of 
forage traits with different environments. 
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Table Al. Total monthly rainfall and average monthly 
temperatures at the Northeast Iowa Research 
Center, Nashua, 1978 
Rainfall , cm Temperature, °C 
Month and 
year 
Observed Deviation 
from 
normal 
Observed Deviation 
from 
normal 
May 1978 6.22 -4.55 15.2 +0.2 
June 1978 22.58 +10.62 20.3 +0.1 
July 1978 15.21 +4.95 21.2 -1.3 
August 1978 5.82 -2.82 20.8 -0.9 
September 1978 11.94 + 3.61 18.9 + 2.3 
May 1979 13.89 + 3.12 13.7 -1.3 
June 1979 11.28 -0.69 19.5 +0.8 
July 1979 19.10 + 8.84 21.4 -1.2 
August 1979 31.94 +23.32 20.5 -1.3 
September 1979 2.29 -6.05 17.5 +0.9 
May 1980 10.34 +0.05 15.6 + 0.5 
June 1980 13. 36 +1.57 19.7 -0.6 
July 1980 3.61 -7.11 23.1 + 0.5 
August 1980 34.75 +24.21 21.8 +0.1 
September 1980 9.04 -0.26 17.4 + 0.8 
Table A2. Means of different traits for 1978 data 
Effects Traits 
^1 ^2 ^3 ^4 ^5 \ ^7 ^8 S ^10 ^11 ^12 ^14 
22.166 16.226 7.452 - 10.408 19.14 79.4 39,804 38.402 23.951 10.894 60.52 
21.510 16.480 7.520 - - 10.590 19.30 80.2 49,283 37.977 17.569 11,122 61.47 
P^ 22.756 18.129 8.367 - - 10.146 19.74 81.4 58,468 40,901 25.566 10.705 59.45 
15.728 15.001 6.379 - - 10.442 17.77 77.00 54,858 30.742 19.915 10.739 62.09 
V 24.220 18.113 8.635 - - 10.566 21.30 80.6 47,701 42.320 24.959 11.344 60.31 
19.499 16.155 7.468 - - 9.861 17.93 79.8 51,390 35.617 21.030 10.164 60.03 
25.698 19.086 8.480 - - 9.593 18.60 80.7 45,465 44.784 23.027 9.968 59-02 
29.290 18.606 8.920 - - 11.455 21.37 83.7 47,747 47.896 26.554 12.320 60.96 
Mean 22.872 17.387 7.974 - - 10.381 19.39 80.3 49,432 40.272 23.105 10.907 60.48 
- green stover weight (ton/ha); X^ - green ear weight (ton/ha); X^ - dried stover weight 
(ton/ha); X^ - dried ear weight (ton/ha); X^ - dried grain weight (ton/ha); X^ - mature grain 
weight (ton/ha); X^ - moisture content of mature grain (%); Xg - days to mid-silk (days); Xg -
observed stand at harvest (plants/ha); X^^ - green plant weight (ton/ha); X^^ - dried plant weight 
(ton/ha); X^^ ~ mature grain yield corrected to 15.5% moisture (ton/ha); X^^ - harvest index (T). 
^Not recorded. 
Table A3. Means of different traits for 1979 data 
Effects Traits^ 
*2 *3 *4 =5 *6 *7 *8 *9 *10 *11 =12 =14 
^1 
40. 489 14. 844 8. 400 7. 261 5. 970 9. 172 26. 38 78. 6 48,017 55. 334 15, .661 11, .472 37. 64 
^2 44. 978 16. 285 9. 232 7. 974 6. 561 10 .830 27 .35 79 .2 61,516 61 .250 17 .206 12 .626 37 .06 
^3 48. 872 16. 259 10, 095 7. 765 6. 291 9 .991 27 .15 80 .3 - 65 .132 17 ,876 11 .615 33 .81 
^1 38, 275 14. 911 8. 298 6. 976 5. 267 9 .522 25 .74 75 .8 61,082 53 ,199 15 ,287 10 .841 34 .70 
^2 49. 270 15. 494 10. 710 7. 365 6. 081 10 .111 29 .50 81 .5 60,434 64 ,764 18 ,074 12 .135 32 .58 
^3 38. 988 16, 428 8. 039 8. 648 7. 183 10 .639 24 .29 78 .2 61,471 55 ,429 16 .700 11 .890 42 .22 
^4 48. 453 17. 517 9. 400 8. 570 7. 002 10 .230 25 .27 79 .4 60,589 65 .957 17 .971 11 ,578 38 .38 
^5 53. 380 16. 739 10. 697 7. 870 6. 431 10 .825 30 .01 81 .7 60,304 70 .106 18 .567 13 .080 32 .98 
"1 52. 
395 14. 742 10. 100 5. 329 3. 916 
_b 
- 67 .124 15 .429 - 24 .80 
"2 46. 807 16. 492 9. 919 7. 896 6. 613 - - - - 63 ,312 17 .815 
- 36 .63 
"3 37. 808 17. 426 8. 285 10. 427 8. 869 - - - - 55 ,234 18 .723 
- 47 .08 
Mean 45. 666 16-.220 9. 426 7. 883 6. 457 10 .264 26 .96 79 .3 60,777 61 ,899 17 .322 11 .904 36 .17 
- green stover weight (ton/ha); X2 - green ear weight (ton/ha); X 3  - dried stover weight 
(ton/ha); X4 - dried ear weight (ton/ha); X5 - dried grain weight (ton/ha); Xg - mature grain 
weight (ton/ha); X7 - moisture content of mature grain (%); Xg - days to mid-silk (days); Xg -
observed stand at harvest (plants/ha); X^q ~ green plant weight (ton/ha); X^^ - dried plant weight 
(ton/ha); X22 ~ mature grain yield corrected to 15.5% moisture (ton/ha); X^^ - harvest index (T). 
^Not recorded. 
Table A4. Means of different traits for 1980 data 
Effects Traits^ 
X 1 X 2 X 3 X4 X 5 %6 X 7 %8 S *10 X 11 =12 *14 
^1 34. 308 15. 490 8. 511 8.410 7. 140 9.958 20. 62 74.8; 50,600 49.787 16. 912 10.615 41.86 
^2 34. 342 15. 326 9. 530 8.013 6. 613 10.067 20. 65 76.6 64,586 52.680 17. 543 10.741 36.99 
^3 40. 854 16. 101 10. 824 8.209 6. 846 9.473 20. 98 77.3 78,150 56.970 19. 016 10.134 35.24 
34. 826 14. 833 8. 830 7.961 6. 768 8.993 19. 77 74.4 64,699 49.659 16. 791 9.487 38.84 
^2 39. 909 15. 857 10. 956 8.285 6. 729 9.625 22. 94 77.4 63,829 55.753 19. 254 10.555 33.75 
35. 423 15. 546 8. 765 8.259 6. 975 10.552 19. 12 74.6 64,516 50.956 17. 024 11.034 40.00 
^4 37. 834 16. 804 9. 543 8.791 7. 377 9.604 19. 82 76.7 64,218 
54.638 18. 334 10.133 39.44 
^5 43. 487 17. 659 10. 762 9.258 7. 792 10.388 22. 10 78.1 64,218 61.147 20. 032 11.274 38.10 
'1 45. 255 16. 259 10. 632 7.313 5. 679 
_b 
-
- 61.484 17. 945 - 31.27 
^2 36. 019 14. 807 8. 985 7.637 6. 327 
-
-
- 50.826 16. 622 - 36.97 
S3 33. 633 17. 348 9. 698 10.593 9. ,387 - - - 50.994 20. ,291 - 45.84 
Mean 38. 288 16. ,142 9. 776 8.506 7. ,131 9.832 20. ,75 76.23 64,296 54.430 18. 282 10.496 38.03 
- green stover weight (ton/ha); X2 - green ear weight (ton/ha); X 3  - dried stover weight 
(ton/ha); X4 - dried ear weight (ton/ha); X5 - dried grain weight (ton/ha); Xq - mature grain 
weight (ton/ha); X7 - moisture content of mature grain (%); Xg - days to mid-silk (days); X9 -
observed stand at harvest (plants/ha); X^q ~ green plant weight (ton/ha); X]_i - dried plant weight 
(ton/ha); X22 - mature grain yield corrected to 15.5% moisture (ton/ha); X24 ~ harvest index (T). 
^Not recorded. 
Table A5. Mean squares and significance in the combined analyses of variance for 1979, 1980 data 
Traits^ 
Source d.f ^1 %2 ^4 S %10 ^11 %14 
xlQ-S xio"^ xlO-4 xlO-4 xl0"4 xlo'G ~5 xlO xlO^ 
Years (Y) 1 - - - - - - - -
Reps (Y) 6 - - - - - - - -
Plant Populations (P) 2 234.5** 70.6* 98.2** 224.8* 168.3 56.2** 62.9* 8.18 
Linear 1 461.7** 139.8** 191.1** 445.1* 331.9* 111.0** 122.0** 16.35 
Quadratic 1 7.2 1.5 5.1 4.6 4.6 1.5 2.0 0.01 
YP 2 0.9 1.4 0.9 10.3** 10.2** 0.2 0.7 1.42* 
Error (a) 12 3.0 0.4 0.1 1.1 1.2 0.4 0.4 0.23 
Hybrids (V) 4 - 109.2* 4.3* 56.9** 11.8 9.1 14.4* 7.6** 6.73 
CONTA 1 157.8* 9.1* 57.3** 28.4 19.2 24.3* 16.6** 0.10 
CONTB 1 8.8 3.9 54.1** 17.4 16.8 0.1 1.0 15.48* 
CONTC 1 210.2* 4.1 82.2** 0.8 0.1 27.3** 9.9** 7.23 
CONTD 1 6.0 0.0 34.0 0.3 0.1 6.1 2.8* 4.09 
YV 4 13.6** 0.6 0.8 5.4 4.2* 1.2* 0.4 1.51** 
PV 8 5.4* 0.4 3.2** 1.2 1.1 0.8* 0.7 0.25 
YPV 8 1.4 0.2 0.7 1.2 0.7 0.2 0.2 0.19 
Error (b) 72 2.1 0.6 1.0 2.0 1.6 0.4 0.4 0.32 
^1 Sreen stover weight (ton/ha); - green ear weight (ton/ha); - dried stover weight 
(ton/ha); - dried ear weight (ton/ha); X^ - dried grain weight (ton/ha); X^^ - green plant weight 
(ton/ha); X^^ - dried plant weight (ton/ha); X^^ - harvest index (T). 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
Table A5 (Continued) 
Traits" 
Source d. f. ^1 
-5 
xlO 
^2 
— S 
xlO 
%3 
xio"^ 
*4 
xio"* 
S 
xl0"4 
^10 
xlQ-S 
^11 
—5 
XlO 
=14 
xlO^ 
Harvest dates (S) 2 307.4 7.9 35.1 323.8 340.1 23.0 16.0 101.92* 
Linear 1 611.3* 12.8 67.7 627.6* 668.8* 44.7 28.3 203.68* 
Quadratic 1 3.4 3.0 2.5 20.0 11.4 1.3 3.7 0.16 
YS 2 19.6** 4.5** 25.0** 25.5** 19.2** 3.5** 6.7** 4.99** 
PS 4 5.2* 0.9 1.4 3.8 4.8 0.9* 0.7 0.34 
VS 8 8.8 0.5 2.9 1.4 0.6 1.2 0.5 0.20 
YPS 4 2.0 0.7 0.3 1.6 1.4 0.5 0.3 0.30 
YVS 8 8.4** 0.8 1.8* 1.9 1.5 1.4** 0.4 0.34 
PVS 16 1.2 0.6 1.0 2.2 1.6 0.3 0.5 0.14 
YPVS 16 1.0 0.5 0.7 1.6 1.2 0.2 0.3 0.28 
Error (c) 180 1.5 0.5 0.8 1.8 1.3 0.3 0.4 0.21 
TOTAL 359 - - - - - - -
C.V. (a) - 17.0 15.5 16.2 16.5 20.5 14.5 13.7 14.4 
C.V. (b) - 14.0 19.2 13.2 22.2 24.3 13.5 15.0. ia.2 
C.V. (c) 
- 12.1 18.6 12.4 21.3 21.7 12.7 14.0 12.3 
t^ 0.392 0.082 0.449 0.043 0.040 0.335 0.192 0.186 
u> 
Ul 
t is intra-class correlation for hybrids t = 4 
Table A6. Mean squares and signifiaance in the combined analyses of variance for 1978, 1979 and 
1980 data 
Source d.f. Traits^ 
*6 =7 *8 *9 *12 
Years (Y) 2 — — — — — 
Reps (Y) 9 — — — — — 
Plant population (P) 2 55.92* 12.39 152.4** 313.76 15.12 
Linear 1 13.38 22.23 304.5** 539.32 1.43 
Quadratic 1 98.46** 2.55 0.3 88.21 28.28* 
YP 4 8.18 3.70 4.9 73.59 3.11 
Error (a) 18 11.18 3.57 8.6 53.69 2.35 
Hybrids (V) 4 75.66* 359.13** 347.5** 132.61 31.26** 
CONTA 1 158.42** 145.38** 796.8** 290.50 60.65** 
CONTB 1 33,26 450.40** 68.6 28.20 0.14 
CONTC 1 6.91 353.51** 356.7** 207.52 1.34 
CONTD 1 104.03* 487.22** 168.0* 4.21 62.90** 
YV 8 12.91 12.28** 16.0** 144.19** 2.91 
PV 8 12.36 3.17 12.8** 30.58 3.27 
YPV 16 3.78 3.01 4.4 63.52** 0.85 
Error (b) 108 7.63 3.36 2.7 28.11 1.95 
- mature grain weight (ton/ha); - moisture content of mature grain (%); Xg • 
days to mid-silk (days); X^ - observed stand at harvest (plants/ha); X^^ - mature grain 
yield corrected to 15.5% moisture (ton/ha). 
* 
Significant at the 5% level of probability. 
** 
Significant at the 1% level of probability. 
Table A5 (Continued) 
Traits^ 
Source d.f. Xg X^ X^^ 
TOTAL _____ 
C.V. (a) - 18.0 8.1 3.7 7.8 16.5 
C.V. (b) - 14.9 7.9 2.1 5.6 15.0 
tl3 - 0.071 0.489 0.529 0.004 0.118 
^ 4 
t is intraclass correlation for hybrids, t = 2.._2.__2 
b^ iÇ+ (o%-{-3ar ) 
